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This  is  Volume  II,  Systems  Analysis,  of  a  five-volume  final  report 
submitted  by  the  VVostinghouse  Electric  Corporation  to  the  Department  of 
Defense  for  work  performed  on  Contract  Number  DAHC15  GO  C  0354, 
Systems  Analysis  Study  Towards  a  "New  Generation”  of  Military  Hospitals. 

The  primary  task  of  this  study  was  to  develop  alternative  hospital 
system  designs,  using  current  state-of-the-art  eoneepts,  technology,  and 
management  procedures  with  the  objective  of  designing  the  most  efficient 
hospital  for  construction  commencing  in  mid-1972.  The  secondary  task 
was  the  definition  of  system  improvements  arising  from  R  &  D  opportunities 
available  in  time  for  prototype  construction  in  the  1975-1980  period. 

The  remaining  four  volumes  contained  in  this  report  are: 
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ABSTRACT 


This  is  Volume  2  and  presents  the  results  of  a  systems  analysis 
of  the  Base  Level  Health  Care  Systems  (BLHCS),  in  the  continental  United 
States,  with  the  objective  of  improving  the  operating  efficiency  of  the 
individual  BLHC  System,  while  maintaining  or  improving  the  quality  of 
patient  care. 

The  areas  of  analysis  are: 

•  Health  Care  Planning  -  The  prediction  of 
health  and  patient  care  requirements  for 
the  BLHC  System. 

•  Systems  Design  Concepts  -  The  process  of 
designing  a  BLHCS  facility  concept  which 
can  respond  to  demands  for  change  and 
growth  initially  and  over  time. 

•  Operations  Analyses  -  The  management  of 
resources  within  the  facility  to  provide 
health  care  and  patient  support,  including: 

Communications  and  Data  Management 

Materiel  Handling 

Dietary 

Clinical  Laboratory 
Dentistry 

Outpatient  Department 
Ward  Management 
Education  and  Training 
Pharmacy 
Radiology 

•  Systems  Application  -  An  application  of 
the  planning,  design,  and  operations 
analyses  to  the  design  of  a  BLHC 
System  at  a  hypothetical  "Base  X". 
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1.  SUMMARY  AND  RECOMMENDATIONS 


The  Westinghousc  Systems  Analysis  Study  Towards  a  "New  Generation" 
of  Military  Hospitals  (NGMII)  has  been  performed  to  identify  and  describe 
potential  improvements  in  facilities,  resources,  and  programs  of  the  Base 
Level  Health  Care  (BLI1C)  Systems  operated  by  the  Department  of  Defense 
for  10  million  eligible  military  on  active  duty  or  retired,  their  dependents, 
and  dependents  of  deceased  military  personnel. 

This  study  is  Phase  I  of  an  ongoing  development  effort.  The 
objectives  of  the  Westinghouse  Phase  I  effort  were: 

•  to  mobilize  health  care  resources  for  maximum 
effectiveness  and  efficiency 

•  to  minimize  system  life  cycle  costs,  including 
operating  and  capital  expenditures 

•  to  enable  the  System  to  respond  to  changes  in  technology, 
health  care  trends,  and  mission  or  policy. 

Phase  II  will  implement  Phase  I  concepts  and  develop  other 
promising  system  improvements.  Continuing  effort  through  Phase  II  and 
beyond  will  lead  to  a  New  Generation  of  Military  Hospitals. 

SCOPE  OF  THE  STUDY 

The  scope  of  Phase  I  of  the  NGMH  study  was  the  performance  of  systems 
analyses  toward  improving  the  construction,  planning,  maintenance,  and  training 
efficiency  of  the  individual  BLIIC  System  while  maintaining  or  improving  the 
quality  of  patient  care.  A  BLHC  System  is  defined  as  the  facilities  and 
resources  necessary  to  provide  a  full  range  of  health  care  services  to  the 
components  of  the  military  community,  armed  forces  personnel,  their  dependents, 
and  other  authorized  categories  residing  on,  adjacent  to,  or  referred  to  the 
system.  It  will  also  provide  designated  health  care  services  and  military 
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command  and  control  responsibilities  to  health  care  facilities  beyond  its 
established  boundary.  (These  are  considered  external  demands  upon  the 
BLIIC  System.) 

The  basic  mission  of  the  BLiiC  System  is  to: 

•  Maintain  the  physical,  mental,  and  operational  fitness  of  the 
assigned  population 

•  Prevent  and  control  the  incidence  of  disease  and  injuries  within 
die  BLIIC  System 

The  services  provided  by  a  Base  Level  Health  Care  System  include: 

•  General  short-term  hospital  beds  with  related  diagnostic  and 
therapeutic  capability 

•  Impatient  and  outpatient  clinics 

•  General  and  preventive  dentistry 

•  Dispensary  care 

•  Aerospace  and  aviation  medicine 

•  Preventive  medicine 

•  Mental  and  social  health  care 

•  Veterinary  medicine 

The  external  demands  that  are  placed  upon  the  BLHC  System  can  be 
defined  as: 

•  The  treatment  of  battle  casualties 

•  The  designation  as  a  medical  and  dental  specialty  treatment 
center 

•  Area  medical  materiel  management  responsibility 

•  Area  medical  command  and  control  responsibility 

•  Intransit  aeromedieal  evacuation  facilities. 

Phase  I  was  divided  into  three  basic  activities: 

•  Operations  analysis 

•  Improvement  analysis 

•  Results  and  recommendations 
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The  operations  analysis  described  the  performance  of  individual 
BLHCS,  elements,  functions,  and  sub-systems.  It  investigated  and 
documented  major  functional  costs,  and  it  characterized  the  basic  flows 
between  functions. 

The  Do!)  selected  three  specific  BLHC  Systems  for  Westinghouse  to 
study  in  depth  and  six  BLHC  Systems  for  general  examination.  The  Systems 
were  a  representative  sample  of  base  missions  and  health  care  services. 

The  hospitals  selected  for  in-depth  study  were: 

280-Beds  Beaufort  Naval  Hospital,  Beaufort,  South  Carolina 
350-Beds  Malcolm  Grow  USAF  Hospital,  Andrews  AFB,  Maryland 
900-Beds  Walson  Army  Hospital,  Fort  Dix,  New  Jersey 

The  hospitals  selected  for  general  examination  and  evaluation  were: 

175-Beds  USAF  Hospital,  March  Air  Force  Base,  California 
250-Beds  U.S.  Army  Hospital,  Fort  Belvoir,  Virginia 
400-Beds  U.S.  Naval  Hospital,  Jacksonville,  Florida 
500-Beds  U.S.  Army  Hospital,  Fort  Bragg,  North  Carolina 
750-Beds  U.S.  Air  Force  Hospital,  Lackland  AFB,  Texas 
650-Beds  U.S.  Naval  Hospital,  Oakland,  California 
The  improvements  analysis  assessed  major  improvement  alternatives 
in  tenns  of  technology  and  its  state  of  development,  its  impact  on  hospital 
mana^  n  mt  and  organization,  and  its  impact  on  BLHC  organization  and 
funct  >ns  Other  considerations  were:  additional  research  and  develop¬ 
ment  required,  the  levels  of  uncertainty  associated  with  possible  alternatives, 
and  policy  issues  raised  by  them.  The  improvement  alternatives  were 
submitted  to  a  systems  analysis  and  appropriately  tested  and  evaluated. 
Cost/benefit  studies  on  major  improvement  alternatives  helped  develop 
specifications  and  requirements  for  all  recommended  improvements. 

Recommendations  are  made,  in  this  Executive  Summary  and  in 
appropriate  volumes,  first  for  construction  of  a  prototype  starting  in  mid-1972  and 
second,  for  long-term  research  and  development  in  the  1975-1980  time  frame. 
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THE  WESTINGHOUSE  APPROACH 


Using  a  multidisciplinary  approach,  Westinghouse  formed  a  Consortium 
of  companies  and  individual  professionals  from  the  research,  engineering, 
architecture,  industry',  management  sciences,  medicine,  nursing,  hospital 
administration,  and  health  law  fields.  In  a  sense,  only  a  multidisciplinary 
systems  approach  could  be  successful,  since  from  the  outset  it  was 
apparent  that  military  hospitals  are  elaborate  and  complex  systems  which 
blend  the  "hard"  sciences  of  engineering  and  construction  with  the  "soft" 
sciences  of  medicine  and  health  care. 

The  objective  of  the  systems  approach  was  to  provide  a  total 
conceptual  framework  to  accommodate  both  quantitative  analysis  and 
subjective  evaluation.  Many  areas  of  the  systems  analysis  required  the 
highest  level  of  judgment  and  experience  from  the  professional  specialists 
in  the  Consortium.  The  study's  success  can  be  directly  traced  to  workable 
evaluations  of  the  many  qualitative  factors  that  are  integral  to  any  health 
care  system.  Wherever  possible,  Westinghouse  has  identified  in  this 
report  the  areas  where  qualitative  factors  are  important  and  how  these 
factors  relate  to  the  analysis. 

Six  major  tasks  were  defined  in  the  Westinghouse  proposal. 

1.  Pre-project  Planning  —  Westinghouse-funded  effort  to 
acquaint  the  Consortium  with  the  military  BLHC  System 
and  initiation  of  the  state-of-the-art  survey  (SOA). 

2.  Preliminary  Data  Inventory  —  the  analysis  of  the  data 
pack  supplied  by  DoD. 

3.  Data  Inventory  —  detailed  data  collection  and  observation 
in  nine  military  BIHC  Systems. 

4.  Systems  Analysis  —  identification  of  alternative  improvement 

possibilities  and  the  detailed  justification  and  comparison  of 
these  alternatives  both  individually  and  in  combination. 
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5.  Systems  Design  —  development  of  design  plans  for  the 
circa  1972  military  BLHC  Systems  and  identification  of 
R&D  programs  which  will  make  contributions  to  the 
military  BLHC  System  circa  1975-1980. 

G.  Presentations  and  Reports  —  preparation  of  the  findings 
of  this  12-month  study. 

Figure  1-1  graphically  describes  the  process  and  the  interrelationships 
of  all  the  study  tasks  within  the  systems  analysis  framework.  As  the 
model  indicates,  data  gathering  activities  represented  the  major 
allocation  of  total  study  resources. 

The  initial  project  tasks,  the  assembly  of  a  broad  range  of  data 
on  the  present  BLHC  System,  were  required  for  a  characterization  of  the 
military  BLHC  environment  as  it  actually  exists  rather  than  as  it  is 
understood  to  exist.  And  throughout  the  study,  this  data  intensive  approach 
has  left  the  audit  trails  vital  to  future  productive  efforts. 

The  BLHC  System  can  be  characterized  as  a  comprehensive  health 
care  system.  While  it  may  have  some  elements  of  a  specialty  or 
regional  referral  system,  it  always  provides  a  broad  array  of  primary 
and  short-term  acute  health  care.  In  this  sense  it  differs  from  most 
civilian  community  systems  with  their  pattern  of  local  private  physicians' 
offices,  group  practices,  and  multi-specialty  clinics  which  are  coupled  with 
small  community  and  large  regional  hospital  centers. 

Compared  to  a  civilian  system,  the  military  system  is  much  more 
susceptible  to  change  and  growth;  mission  changes  which  alter  the 
population  mix  or  cause  extreme  demands  for  growth  are  common  and  have 
been  generally  unpredictable. 


1-5 


II  jndjnQ  j 


STUDY  CONSTRAINTS 

Several  constraints  were  imposed  by  the  Department  of  Defense  on  the 
conduct  of  this  Phase  I  study,  A  Systems  Analysis  Study  Towards  a  "New 
Generation"  of  Military  Hospitals.  These  constraints  were: 

•  Alternative  systems  designs  should  be  developed  to  serve 
military  base  communities  with  the  DoD  specified  hospital 


capacities  of: 

Beneficiary  Populations 

Beds 

Outpatient  Visits  per  Year 

40,000  -  50,000 

250 

300,000 

00,000  -  80,000 

500 

450,000 

80,000  -  100,000 

750 

650,000 

•  Studies  should  be  limited  to  services  provided  at  only  the 
base  level,  i.e.  primary  hospital  plus  associated  health 
facilities  and  dispensaries. 

•  Regionalization  concepts  above  the  base  level  should  not  be 
inv'  rtigated. 

•  Disaster  planning  for  natural  disasters  or  mass  evacuations 
should  not  be  included. 

•  The  alternative  systems  design  will  not  assume  relationships 
for  shared  services  between  the  Base  Level  Health  Care  System 
and  contiguous  civilian  or  other  non-DoD  related  health  care 
facilities. 

•  The  proposed  systems  concepts  must  comply  with  the  appropriate 
governmental  and  non-governmental  agencies  regulations  and  policies 
pertaining  to  legal,  professional  and  institutional  considerations  .  .  . 
such  laws  and  regulations  should  be  identified  as  constraints 

but  should  not  be  limiting  in  the  development  of  proposals 
for  new  and  improved  operating  procedures. 
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PROBLEM  IDFN  i IFICATION 

The  fundamental  fact  which  emerged  from  the  study  was  the  uniqueness 
of  each  individual  BLHC  System.  Every  System  has  different  demarxis  and 
performance  req'  :rements.  Based  upon  that  understanding,  need  for 
improvement  became  apparent  in  three  basic  areas  of  the  system  —  in 
planning,  facilities  design,  and  operations. 

1.  In  planning,  a  need  for  a  better  method  of  predicting 
the  changing  demands  a  BLHC  System  must  satisfy 
over  its  life  cycle.  Traditional  planning  methods  had 
too  often  led  to  understated  resource  requirements  and 
unmet  health  care  needs.  Needed  was  a  tool  to  forecast 
health  care  requirements  at  various  times  in  the  future, 
a  tool  which  would  also  convert  those  forecasts  into 
specifications  of  the  health  care  resources  required. 

2.  In  facilities  design,  a  need  for  a  system  design 
concept  which  can  respond  to  health  care  needs  not 
only  initially,  but  after  significant  changes  and 
substantial  growth.  Present  designs  can  rarely 
absorb  rearrangements  or  modifications  in  response 
to  new  technology  nor  can  they  absorb  the  sometimes 
abrupt,  and  often  large,  expansions  required  by 
mission  changes.  The  results  have  been  facilities 
used  in  ways  that  were  not  intended,  and  costly 
modifications  and  expansions  after  systems  had 
reached  a  point  of  saturation. 

3.  In  operations,  a  need  for  resource  management  and  for 
evaluating  the  array  of  sub-system  or  functional  improvement 
opportunities  {such  as  communications  or  dietary 

systems)  which  are  already  operational,  or  which 
are  likely  to  be  in  the  near  future.  An  extension 
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of  this  need  for  evaluating  sub-system  alternatives 
was  a  method  or  framework  for  bringing  the  many 
alternatives  together  in  the  best  combination  for 
the  optimal  working  of  the  system  over  its  life  cycle. 

The  primary  focus  was  on  providing  a  comprehensive  approach  for  the 
overall  system  and  sub-systems,  with  the  knowledge  that  detailed  problems 
can  only  be  resolved  within  a  sound  overall  framework. 


SYSTEM  ANALYSIS  STUDY  LIMITATIONS 

A  conventional  systems  analysis  implies  a  high  degree  of  precision  in 
defining  goals  and  measuring  alternatives.  However,  even  before  the  study  began, 
certain  constraints  were  identified  that  inhibit  the  performance  of  a  classical 
systems  analysis  in  the  health  care  field: 

1.  Some  areas,  for  example,  medical  practice,  defy  precise  quantita¬ 
tive  measurements.  The  evaluation  and  measurement  of  "quality" 
of  patient  care,  of  necessity,  is  highly  subjective.  Although  some 
data  in  the  area  of  medical  practice  was  "hard"  or  quantifiable, 
most  was  qualitative  judgments  based  on  ti.~  highest  level  of  pro¬ 
fessional  expertise  available.  compensate  for  this  limitation 
wherever  it  was  possible  to  do  so,  sensitivity  analyses  were  per¬ 
formed  to  determine  the  impact  of  these  qualitative  judgments,  and 
therdiy  minimize  the  degree  of  uncertainty  in  the  formal  recommen¬ 
dations. 

2.  Another  limitation  was  the  relatively  small  sample  from  which  the 
present  BLHCS  statistics  were  collected.  Statistics  such  as  costs 
and  health  care  dynamics  were  used  in  many  activities  within  the 
study,  recognizing  that  they  may  not  be  totally  representative  of 
the  entire  BLHC  System  for  all  services.  These  numbers  were 
used  as  composites  or  averages,  and  a  basic  assumption  of  the 
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study  was  that  they  would  have  to  be  further  refined  wherever  they 
were  applied  to  specific  systems  in  future  applications. 

3.  Because  the  health  care  field  is  such  a  complex  system,  all  of  its 
elements  could  not  be  characterized  within  the  time  and  budget 
constraints  of  this  study. 

4.  Much  of  the  data  generated  has  been  a  synthesis  of  both  military 
and  civilian  data;  this  may  cause  some  discrepancies,  depending 
on  the  degree  to  which  the  civilian  data  does  not  represent  the  same 
health  care  dynamics  as  the  military  system. 

5.  Still  another  limitation  arises  from  the  non-uniform  reporting  of 
statistics  from  within  the  sample  primary  and  secondary  BLHC 
Systems  studies. 

BLHCS  Characterization 

The  BLHC  System  is  a  comprehensive  health  care  system  providing  a 
broad  array  of  primary  and  intermediate  levels  of  care  to  the  beneficiary  popu¬ 
lation.  In  this  sense  it  is  markedly  different  from  most  civilian  systems, 
which  are  typically  separate  systems  of  ascending  hierarchies  of  health  care 
capabilities,  functionally  interrelated  in  a  fairly  flexible  and  cooperative  en¬ 
vironment,  but  administratively  and  physically  separate.  Each  level  of  the 
civilian  hierarchies,  which  range  from  private  physician's  offices  to  regional 
and  national  clinics,  possesses  a  relatively  narrow  hand  of  health  care  capa¬ 
bilities  which  approximates  the  BLHC  System  only  In  large,  generally  center 
city  hospitals.  Each  depends  on  the  level  below  to  act  as  a  triage  mechanism 
to  decrease  the  demand  on  other  levels.  Not  only  does  the  BLHC  System  embody 
elements  of  each  of  these  hierarchies,  but  It  may  also  embody  unique  mission 
assignments  related  to  its  military  role. 

Figures  1-2 ,  3,  and  4  characterize  both  major  systems.  While  civilian 
systems  change  gradually  over  time  In  response  to  socio-econcmic  and  demo¬ 
graphic  changes,  the  BLHC  military  system  may  change  relatively  rapidly  in 
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response  to  mission  changes.  Mission  changes  can  involve  severe  changes  in 
population  mix  as  well  as  total  numbers  in  the  population. 

Ability  to  fulfill  BLHC  System  requirements  has  been  a  prime  factor  in 
evaluating  alternatives  available  from  the  state-of-the-art  survey.  Moreover, 
the  design  methodology  and  analytical  tools  which  Wcstinghouse  is  recommending 
to  the  Department  of  Defense  have  been  generated  with  sufficiently  generalized 
parameters  so  that  the  performance  of  the  BLHCS  is  not  inhibited  or  constrained. 

The  Wcstinghouse  systems  analysis  was  based  on  the  assumption  that 
the  Department  of  Defense  will  continue  to  offer  the  broadest  array  of  health 
care  possible  within  its  BLHC  Systems;  the  resulting  recommendations  are 
designed  to  enhance  this  ability  and  not  simply  to  delete  some  of  the  most  trouble¬ 
some  areas  from  the  system. 


RESULTS  AND  CONCLUSIONS 

The  study  yields  are  presented  in  the  following  five  areas: 

1.  A  massive  data  resource  on  health  systems  in  general 
and  on  the  BLHC  System  in  particular; 

2.  A  demand  model  —  a  method  for  translating  BLHCS 
beneficiary  population  data  into  a  statement  of  the 
health  care  required  for  those  populations; 

3.  A  design  concept  —  a  facility  organization  that  will 
provide  a  framework  for  operations  and  for  change 
and  growth  over  the  life  cycle; 

4.  Cost/benefit  analyses  on  major  health  systems 
functional  areas  such  as  communications,  dietary, 
and  materiel  handling. 

5.  Recommendations  on  medical  care. 

None  of  these  yields  is  separate;  to  some  extent  they  describe  the 
process  of  the  entire  study,  the  path  the  Westinghouse  group  took  in 
learning,  conceptualizing,  analyzing,  and  testing.  Nor  are  they 


1-12 


necessarily  in  sequence;  they  are  sometimes  parallel,  often  interactive. 
They  are  presented  separately  to  dramatize  the  fact  that  the  sequence 
described  —  planning,  design,  and  operations  ~  can  be  performed 
over  a  period  of  time  by  different  groups.  The  improvements  and  tools 
can  be  implemented  and  evaluated  in  to  to  or  individually.  And  the 
careful  audit  trails  provide  continuing  growth  and  development  of  all  study 
yields. 

The  objectives  described  in  the  RFQ  and  Westinghouse  commit¬ 
ments  made  in  its  proposal  have  been  met,  and  more.  In  several 
instances  during  the  study,  Westinghouse  has  even  contributed  the  use  of 
proprietary  software  programs  and  other  Corporate  resources  to  further 

study  goals. 

The  yields  from  the  study  meet  the  three  categories  of  needs  pre¬ 
viously  described  with  pragmatic  and  effective  solutions. 

•  The  responsive  Westinghouse  concepts  for  the 
NGMH  can  accommodate  new  ideas,  changes  in 
policy,  changes  in  health  care  trends,  as  well 
as  identified  performance  requirements. 

•  Planning  and  design  tools  developed  are 
generalized  solutions  adaptable  to  any  BLHC 
System.  These  concepts  can  respond  to  the 
uniqueness  of  every  BLHC  System. 

•  Planning  and  design  tools  can  reduce  the 
time  between  planning  and  occupancy. 

•  These  concepts  are  not  confined  to  the  BLHC 
System;  they  will  also  be  widely  applicable  by 
HEW,  civilian  hospitals,  and  the  Veterans 
Administration. 

•  Many  of  these  study  results  are  not  limited 
to  new  facilities,  but  have  immediate  appli- 
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cation  to  retrofit  situations  both  inside  and 
outside  the  I1LIIC  System. 

•  Individual  operations  analyses  have  produced 
viable  recommendations  for  the  major  sub¬ 
system  areas. 

•  Medical  care  recommendations  have  balanced 
and  glided  engineering  outputs  throughout  the 
study. 

IlKCOMM  KNDATIONS 


The  recommendations  resulting  from  the  successful  completion  of 
the  Department  of  Defense  Phase  I  study  —  Systems  Analysis  Study 
Towards  a  "New  Generation"  of  Military  Hospitals,  are  summarized  as 
follows : 


Source 

•  Proceed  with  Phase  II  implementing  and  Volume  I 

evaluating  the  results  of  Phase  I.  The  DoD  P^'  9 
should  regard  Phase  n  as  a  comprehensive 

and  continuing  R&D  program,  managed 
through  planning,  design  and  operations 
as  a  single  and  consistent  process,  without 
discontinuities  in  time  and  responsibilities. 

The  same  interdisciplinary  approach  which 
has  proved  successful  in  Phase  I  should 
be  employed. 

•  DoD  should  establish  a  full-time  inter¬ 
disciplinary  group  to  participate  with 
industry  in  Phase  II.  This  DoD  group 
would  be  the  new  cadre  of  health  care 
system  planners  who  will  become  the 
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core  group  for  a  larger  staff  necessary 
for  the  design,  construction  and  operation 
of  the  "New  Generation"  of  military 
hospitals. 

The  following  recommendations  have  immediate  applicability'  in  all 
DoD  existing  facilities  and  should  also  be  incorporated  in  the  "New 
Generation"  of  military  hospitals.  These  recommendations  do  not  require 
Research  and  Development  (R&D)  efforts  for  implementation. 

Source 

•  Military  careers  should  be  made  more  attractive 
and  competitive  with  civilian  opportunities  by 
expanding  continuing  education  programs  using  self- 
instructional  and  multimedia  aids,  and  provide 
opportunities  for  attending  professional  meetings  and 
short  courses,  and  developing  a  peer  audit  review 
system  with  assistance  from  the  Joint  Conference 
Committee  of  the  American  Medical  Association. 


Volume  II 

pp.  3.3-150  to  172 

Volume  III 
pp.  33  to  54 

Volume  IV 
pp.  3-201  to  218 


Utilize  a  manual  materiel  handling  system  with 
exchange  cart;  the  automated  Power  and  Free 
materiel  handling  system  should  be  considered  for 
200-300  and  700  to  800  bed  BLHC  Systems. 

Large-cross-section  pneumatic  tubes  should  be 
installed  to  accommodate  high-volume,  high-frequency 
trash  and  soiled  linen  removal. 

Investigate  the  use  of  automatic  dumbwaiters  for 
limited  use  in  high-volume,  high-frequency,  non-level 
workload  areas  such  as  conventional  dietary  systems. 


Volume  II 
pp.  3.3-34  to  52 

Volume  IV 
pp.  3.232  to  252 
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Source 


A  combination  of  convenience  foods  and  abbreviated 
kitchen  for  each  nursing  unit  should  be  adopted;  revise 
staffing  and  design  criteria  to  allow  for  BLHC  System- 
wide  application. 


Volume  II 
pp.  3.  3-53  to  68 

Volume  IV 
pp.  3-180  to  200 


Standardize  clinical  laboratory'  test  procedures  and 
equipment  for  more  precise  internal  management 
and  generation  of  more  usable  data  for  prediction 
of  workload. 


Volume  II 
pp.  3.  3-69  to  86 

Volume  IV 
pp.  3-37  to  57 


Automated  clinical  laboratory  equipment  costing 
over  $35,000  should  be  leased  and  not  purchased. 


Utilize  a  staffing  criteria  to  allow  a  ratio  of  one 
dentist  to  four  assistants  to  three  operatories. 

Expand  the  practice  of  four-handed  sit-down  Volume  II 

dentistry.  PP-  3' 3'87  to  100 

Volume  IV 
pp.  3-160  to  179 

Increase  the  use  of  dental  hygienists  in  preventive 

dental  programs  such  as  dental  prophylaxis,  fluoride 

treatments,  water-supply  fluoridation,  and  patient 

education  on  prevention  of  dental  disorders.  — . 


Institute  "outpatient  surgery"  as  an  integral  part 
of  the  composite  facility  —  utilizing  existing 
operating  room  suites,  personnel  and  ancillary 
services. 


Volume  II 

pp.  3.3-101  to  110 

Volume  IV 
pp.  3-1  to  36 


Source 


•  Level  the  nursing  workload  by  rescheduling  from  the 
peak  morning  hours  of  0700  to  1000  procedures  such 
as: 

Inpatient  movement  to  ancillary  areas 

Admissions/discharges 

Bed  baths 


•  Employ  the  unit  dose  drug  distribution  with  IV 
additive  and  Auxiliary  Clinical  Pharmacist  for  both 
inpatient  and  outpatient  operations  for  all  BLHC 
Systems  of  200  beds  or  more. 

•  Introduce  a  drug  information  center  for  750-  to 
1000-  bed  BLHC  Systems. 

•  Utilize  the  double  corridor  concept  for  improved 

staff  and  patient  traffic  patterns  in  Radiology 

Departments.  Volume  II 

pp.  3.  3-191  to  206 

Volume  IV 

•  Generators  equipped  to  serve  several  X-ray  pp  3.307  to  324 

machines  should  be  used  rather  than  the  existing 

use  of  one  generator  to  one  X-ray  machine. 


.  olume  II 
3.3-173  to  190 

Volume  IV 
pp.  3-264  to  281 


Volume  n 

pp.  3.3-111  to  149 


The  following  recommendations  for  Short-Term  R&D,  that  is 
research  and  development  programs  that  can  be  completed  in  less  than 
eighteen  months,  have  been  identified  by  VVestinghouse. 
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•  The  data  base  for  the  Demand  Model  should  be 

immediately  extended  and  refined  to  show  ancillary 
usage  by  level  of  dependency  and  by  specialty 
clinie  visit.  The  Demand  Model's  capabilities 
depend  upon  the  quality  and  range  of  available 
data;  this  requires  that  the  data  and  the  Model 
itself  be  adjusted  and  updated  on  an  ongoing 
basis.  The  Phase  I  study  developed  data  to 
enable  immediate  application  of  the  Demand 
Model. 


Volume  II 
pp.  3.1-1  to  60 


•  Investigate  the  implications  of  the  Westinghouse 
Phase  I  study  yields  for  BLHC  Systems  smaller 
than  250  beds  and  for  specialty  or  regional 
referral  eenters. 


•  Revise  existing  guidelines  and  criteria  for 

planning,  design,  construction  and  staffing  to 
facilitate  incorporation  of  the  various  technological 
options  and  improvement  alternatives  into  design 
specifications  for  the  "New  Generation"  of 
military  hospitals. 


Volume  II 
pp.  3.4-1  to  84 
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Investigate  initial  installat  on  of  a  central  dedicated 
processor  with  time-sharing  capability  having  the 
essential  features  of: 


Source 


-  central  processor  dedicated  to  the 
NGMII  system 

-  time-sharing  by  functions 

-  commonly  shared  data  base  with  a  natural 
language  interface 

-  cathode  ray  tube  for  basic  input/output 
media  with  limited  hard  copy  capability. 

•  Develop  specifications  for  the  use  of  microfilm  for 
the  production,  storage,  and  retrieval  of  such  data 
as  medical  records,  admission,  medical  summaries 
and  boards  -nd  its  applicability  to  BLHC  Systems. 


Volume  II 
3.3-12  to  33 

Volume  IV 
pp.  3-58  to  126 


•  Determine  the  economic  break-even  point  for  dietary 
disposables  and  evaluate  the  consequent  impact  of 
disposables  on  the  materiel  handling  system. 

•  Develop  specifications  for  computerized  menu 
planning  for  more  economical  purchasing  and 
inventory  control  procedures. 

•  Develop  a  computerized,  centralized  and  standardized  Volume  III 

data-collection  system  for  major  elements  in  the  PP-  94  t0  101 

Base  Level  Health  Care  System. 


Volume  II 
pp.  3. 3-53  to  68 

Volume  IV 
pp.  3-180  to  200 
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•  Develop  specifications  for  computerized  central 
appointment  systems  for  clinics  and  outpatient 
services  which  can  handle  rescheduling,  cancellations, 
and  other  varying  demands  upon  the  system  while 
allowing  flexibility  for  individual  clinics. 

•  Provide  audio-visual  referral  communi¬ 
cations  centers  between  BLHCS,  dispensaries  and 

University  Medical  Centers  for  consultation,  to 
reduce  the  estimated  fifty  percent  of  hospital 
referrals,  and  to  promptly  alert  hospital  staff  to 
the  details  of  more  acute  problems  and  permit 
more  rapid  communication  of  health  care  data. 

•  Implement  computerized  techniques  including 
automated  testing  procedures,  terminals  for 
laboratory  result  readout  in  nursing  stations, 
outpatient  departments,  remote  facilities,  etc., 
communications  systems  with  hospital  decision¬ 
making  centers,  disease  detection  systems,  and 
quality  control  for  the  Clinical  Laboratories. 

•  Develop  specifications  for  communications 
equipment  for  the  Clinical  Laboratory  which 
can  effect  adequate  and  low-cost  image  storage 
and  retrieval. 


Source 

Volume  III 
pp.  94  to  101 


Volume  III 
pp.  55  to  69 


Volume  II 
pp.  3.3-69  to  86 

Volume  III 
pp.  55  to  69 


Volume  II 
pp.  3. 3-69  to  86 
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Establish  an  innovative  position  of  "Barracks  Health 
Master"  with  training  in  preventive  medicine  including 
communicable  disease,  safety,  and  trauma  pre¬ 
vention.  These  corpsmen  on  the  staff  of  the  drill 
instructor,  would  be  stationed  in  the  barracks  of 
recruit  training  centers  to  function  with  appropriate 
"esponsibility  and  authority.  Such  a  position  would 
reduce  visits  to  dispensaries  and  outpatient  clinics 
by  recruits. 

Adopt  the  Physician's  Assistant  concept  for  all 
outpatient  clinics  in  new  BLHC  Systems;  utilize 
the  Corpsman  Physicians  Assistant  for  clinics 
with  predominate  male  patients  and  the  Nurse 
Practitioner  for  clinics  with  predominate  female  patients. 
Reevaluate  and  revise  outpatient  clinic  staffing  and 
space  planning  criteria  to  allow  for: 

-  Operatic  o  of  most  clinics  twelve  hours 
per  day,  five  days  per  week. 

-  Provide  two  examining  rooms  per  physician 
for  most  clinics. 

-  Provide  office  space  for  physicians  outside 
the  clinic. 

-  Meeting  needs  for  patient -family  education 
and  counseling,  including  use  of  multimedia 
aids. 

Establish  and  computerize  the  Westinghouse 

"Graduate  staffing"  procedure  to  enable  Nursing 
Service  to  vary  unit  staff  on  a  daily  basis  as 
workload  varies. 


Volume  HI 
pp.  33  to  54 


Volume  II 

pp.  3.3-101  to  110 

Volume  m 
pp.  55  to  69 


Volume  II 

pp.  3.  3-111  to  149 

Volume  IV 
pp.  3-337  to  360 
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•  Adopt  the  Modified  Nursing  Specialist  -  Unit 
Manager  organization. 


Source 

Volume  II 

pp.  3.3-111  to  149 


•  Develop  specifications  for  an  education  and 
training  concept  employing  Integrated  Media  -- 
a  combination  of  electronic  dial  access  and 
instructional  program  management  information 
and  control;  evaluate  the  feasibility  of  installing 
this  system  in  existing  BLHC  Systems. 

•  Evaluate  the  applicability  of  the  Radiology  "Cluster 
Room"  concept  to  military  hospitals. 


Volume  IV 
pp.  3-337  to  360 

Volume  II 

pp.  3.3-150  to  172 

Volume  IV 
pp.  3. 201  to  218 


Volume  II 

pp.  3.3-191  to  206 


Volume  IV 
pp.  3.307  to  324 

The  following  recommendations  for  Long-Term  R&D,  that  is 
research  and  development  programs  that  require  more  than  eighteen  months 
of  effort  before  completion  of  the  program,  have  been  identified  by  Westinghouse. 


Develop  nursing  procedure  time  values  by  type 
of  patient,  level  of  patient  dependency  and  type 
of  nursing  skill  required. 

Develop  a  uniform  and  comprehensive  reporting 
procedure  for  all  DoD  health  care  services. 
Among  the  major  findings  of  the  Westinghouse 
Phase  I  study  were  the  variety,  inconsistency, 
and  inadequacy  of  existing  data  and  data  reporting 
systems.  Variations  between  service  branches 
are  common;  inconsistencies  occur  between 
services  and,  within  services,  between  individual 
hospitals;  and  data  reported  are  tied  to  "functional 
costs"  rather  than  performance  requirements. 


Volume  II 

pp.  3.  3-111  to  149 


Volume  II 
pp.  3.1-1  to  58 


Volume  V 
pg.  3-1 
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•  Implement  programs  to  develop  auto¬ 
mated  hospital  information  hardware 
and  software  systems  defined  by 
specifications  established  in  the  Short 
Term  R&D  programs. 

•  In  the  area  of  construction  planning,  Westinghouse 
recommends  that  the  DoD  develop  speeifie  user 
needs  for  industrialized  building  systems,  and 
components  throughout  BLIIC  Systems. 

•  Explore  the  development  of  a  worldwide  health  data 
bank  to  permit  complete  assessments  of  health  care 
trends,  the  development  of  preventive  medical 
programs,  and  to  determine  health  needs  and  eosts 
on  a  much  more  accurate  and  efficient  basis  than 
currently  possible.  This  might  be  developed 
jointly  by  the  military  services  and  the  Veterans 
Administration. 


Volume  II 
pp.  3.3-12  to  33 


Volume  II 
pp.  3.4-1  to  97 


Volume  III 
pp.  94  to  101 
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In  summary,  Phase  I  has  not  only  produeed  tools  that  have  the 
capability  and  flexibility  for  the  complete  spectrum  of  DoD  hospitals  under 
consideration,  but  these  tools  extend  the  Westinghouse  results  to  far  broader 
applications,  such  as,  retrofit  situations. 

The  many  existing  BLIIC  Systems  offer  a  myriad  of  opportunities  for 
implementation  of  the  results  of  this  systems  analysis  program.  Such 
retrofits  need  not  wait  for  the  full  scale  Phase  II  application  for  the  DoD 
to  realize  substantial  benefits  in  time,  dollars,  and  better  sub-system 
operations. 

The  implications  of  this  study  will  extend  beyond  the  DoD.  As  one 
of  the  world's  largest  comprehensive  medieal  health  care  programs,  the 
DoD  BLIIC  Systems  can  become  a  model  for  large  health  eare  systems 
everywhere. 
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2.  TECHNICAL  APPROACH 


In  preparation  for  the  actual  systems  analysis,  the  Westinghouse  Team 
collected  and  analyzed  an  immense  data  resouree.  The  three  main  resources, 
printed  as  separate  study  volumes,  are: 

•  Data  Inventory 

•  State  of  the  Art 

•  Medical  Health  Care  Review 

These  volumes  are  supported  by  33,000  pages  of  mierofilm,  sent  separately 

to  DoD. 

(1)  Data  Inventory  (Volume  V)  —  a  composite  of  the  data  gathered 
from  the  three  primary  and  six  secondary  BLHC  Systems.  The  data  gathering 
and  work  sampling  studies  were  intended  to  generate  the  data  base  for  each 

of  the  BLHC  Systems'  functions,  and  elements,  and  the  flow  of  all  major  items 
(patients,  staff,  visitor,  communications,  and  materiel)  Into,  out  of,  and  within 
the  system  on  an  inter-  and  intra-functional  basis.  The  data  gathering  and  work 
sampling  studies  were  also  to  be  used  to  identify  the  highest  cost  areas  of  the 
overall  system  and,  thereby,  became  the  first  level  of  the  problem  identification. 

(2)  State  of  the  Art  (SOA  Volume  IV)  —  protrayed  the  most  efficient 
concepts  applicable  to  health  care  facilities  in  hardware,  management,  medical 
practice,  and  design  and  construction,  which  are  currently  in  use  here  and 
abroad.  It  also  portrayed  those  developments  which  could  potentially  be  applied 
after  short-term  research  and  development  (18  months  or  less  additional  work), 
as  well  as  developments  requiring  considerable  research  which  would  not  enter 
the  system  until  1975  to  1980. 

The  state-of-the-art  survey,  unlike  the  data  gathering  and  work  sampling 
studies,  was  not  restricted  to  the  BLHC  Systems  or  to  military  practice  only. 
Moreover,  the  survey  also  identified  certain  Improvement  contenders  in  areas 
not  previously  identified  as  problems. 
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Wherever  possil)le,  initial  and  life  cycle  costs  as  well  as  qualitative 
evaluations  of  these  concepts  have  been  collected.  These  data  provided  the 
Inputs  for  the  cost/benefit  analyses,  and  played  a  major  role  in  identifying  the 
first  level  of  improvement  alternative  contenders. 

(3)  Medical  Health  Care  Review  (Volume III )  —  recommendations  of 
a  team  of  physicians,  on  the  three  primary  BLHC  Systems.  Their  primary 
focus  was  on  attracting,  holding,  and  upgrading  personnel;  improving  facilities 
in  terms  of  making  them  more  acceptable  to  medical  practice;  and  making 
recommendations  in  the  professional  services.  Their  specific  observations 
and  recommendations  for  design  and  for  areas  of  further  study  were  incorpora¬ 
ted  into  the  appropriate  project  section  by  the  Study  Team  engineers,  architects  and 
systems  analysts  .  -t  the  study  progressed.  For  this  reason  this  volume  is 
considered  a  data  resource  rather  than  part  of  the  analysis. 

The  study  outputs  of  these  three  data  resource  volumes  represent  the 
most  comprehensive  set  of  data  which  have  been  generated  on  the  current 
BLHC  Systems  as  well  as  on  state-of-the-art.  They  characterize  the  present 
system,  indicate  components  which  are  amenable  to  improvement,  and  provide 
the  basis  on  which  to  evaluate  suggested  Improvements. 

Based  on  these  data  resources,  the  systems  analysis  study  was  organized 
into  three  major  categories:  (1)  Health  Care  Planning;  (2)  Design  and  Construction 
of  Facilities;  and  (3)  Operations.  A  fourth  major  element  of  the  study  was 
Systems  Application  in  which  the  results  of  Improvement  alternatives  analyses 
are  demonstrated. 

The  process  of  system  analysis  whibh  was  undertaken  Is  as  follows: 

DEFINE  OBJECTIVES 

For  the  first  three  categories,  the  first  step  was  to  define  the  system 
objectives.  In  the  broader  sense  of  the  overall  study,  this  objective  as  defined 
in  the  RFQ  was  to  "Improve  the  effectiveness  and  efficiency  of  hospital  care 
while  reducing  costs  of  operations  without  lowering  the  quality  of  patient  care. " 
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This  objective  is  so  broadly  stated  that  it  was  broken  into  the  following  major 
and  minor  objectives  related  to  each  major  portion  of  this  study: 

•  Planning  —  generate  improved  methods  and  procedures  for  pre¬ 
dicting  the  health  care  and  patient  requirements  of  the  population 
dependent  on  a  BLHCS  both  initially  and  over  time.  Translate 
these  health  care  needs  into  accurate  performance  requirements 
to  describe  the  resources  needed  to  meet  these  needs. 

•  Design  and  Construction  —  generate  improvements  to  the  process 
of  design  and  construction  which  will  result  in  a  facility  in  which 
physical  resources  can  be  best  applied  to  meet  the  demands  on 
the  facility  at  each  point  in  time  over  the  facility's  life  cycle. 

(a)  The  elapsed  time  from  the  perception  of  need  for  new  con¬ 
struction  or  expansion,  to  the  day  of  occupancy,  should  be 
reduced. 

(b)  Facility  must  provide  predicted  health  care  requirements, 
yet  be  as  insensitive  as  possible  to  prediction  errors. 

(c)  Design  must  be  able  to  absorb  major  growth  without  disrupting 
original  facilities. 

•  Operations  —  generate  improvement  alternatives  in  the  delivery 
of  health  care  and  support  services  using  the  best  management  of 
available  resources.  Unless  the  elements  under  analysis  are 
critical  to  other  areas,  such  as  clinical  labs,  the  primary  goal  of 
these  alternatives  is  to  reduce  operating  costs. 

DETERMINE  THE  MEASURES  OF  T  'FECTIVENESS 

The  next  step  was  to  determine  how  well  each  improvement  alternative 
fulfilled  each  objective.  Before  discussing  specific  measures  of  effectiveness, 
it  is  necessary  to  distinguish  between  those  measures  that  can  be  used  before 
the  facility  is  constructed  and  operating,  called  prospective  measures  of  effective¬ 
ness,  and  those  that  can  be  used  only  afterwards,  called  retrospective.  Examples 
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of  retrospective  measures  of  effectiveness  are  the  morbidity  and  mortality  rate 
for  the  population  served,  and  the  ultimate  health  condition  of  the  patients 
treated  at  the  BLHCS.  In  a  study  such  as  this,  prospective  measures  are  desirable; 
however,  in  many  areas,  especially  those  related  to  medical  practice,  the  only 
practical  measures  are  retrospective. 

The  measure  of  effectiveness  for  planning  uses  a  retrospective  and  quanti¬ 
fiable  measure  which  is  the  degree  to  which  the  observed  demand  in  the  operating 
facility  matches  the  total  demand.  Unless  the  population  is  measured  or  sampled, 
this  measure  may  be  invalidated  in  an  undersized  facility,  which  acts  to  turn 
away  patients  and  so  reduce  observed  demand.  Another  measure  of  effectiveness 
is  the  degree  to  which  the  translation  of  resources  required  to  meet  the  predicted 
health  care  need  is  properly  stated  to  the  facilities  designers. 

For  design  and  construction,  nearly  all  measures  of  effectiveness  for 
reduced  planning  time  is  precisely  the  time  lapse  from  perception  of  need  to  date 
of  beneficial  occupancy  compared  with  that  which  is  generally  required  in  the 
present  system.  Another  measure  of  effectiveness  for  the  design  at  initial 
construction  is  the  degree  to  which  the  facility  does,  in  fact,  provide  for  the 
matching  of  health  care  resources  with  the  perceived  demands.  This  measure 
of  effectiveness  includes  sensitivity  to  errors  in  predicted  demand.  The 
quantities  which  can  be  measured  in  the  operating  facility  are  the  flows  of 
patients,  staff,  and  materiel;  some  of  these  aspects  are  quantifiable  and  some 
are  subjective.  The  measure  of  effectiveness  of  the  system's  ability  to  absorb 
major  growth  cannot  be  evaluated  until  the  facility  undergoes  major  expansion. 
Another  example  of  a  prospective  measure  of  effectiveness  for  design  and 
construction  is  comparing  the  estimated  first  costs  of  a  facility  built  within  this 
design  logic  to  estimated  first  costs  of  similar  facilities  built  using  conventional 
practices.  The  costs  associated  with  specific  changes  and  growth  hypotheses 
over  the  life  of  the  facility  must  then  be  estimated  and  compared. 

For  Operations,  most  measures  of  effectiveness  are  prospective, 
relating  directly  to  whether  the  improvement  alternative  satisfies  the  objectives 


2-4 


at  a  reduced  cost.  "Hard"  data  was  available  for  most  alternatives,  and  initial 
and  life  cycle  costs  were  generated.  Where  certain  alternatives  were  not 
amenable  to  such  clear-cut  analysis,  qualitative  measures  of  effectiveness 
were  used. 

Many  of  the  measures  of  effectiveness  relating  to  the  BLHCS  arc  diluted 
by  the  impact  of  uncontrollable  variables.  For  example,  policy  decisions  on 
the  degree  to  which  dependent  populations  will  have  their  health  needs  served  at 
the  BLHCS  will  have  major  impact  on  the  ability  of  the  Department  of  Defense 
to  properly  measure  the  effectiveness  of  the  planning  outputs.  The  introduction 
of  a  Barracks  Health  Master  is  another  example.  This  alternative  is  ai;  opera¬ 
tional  change  in  the  delivery  of  health  care  designed  to  lighten  the  load  on 
physicians  and  on  facilities  delivering  a  higher  level  of  health  care  and  lower 
overall  costs.  It  can  be  measured  as  follows: 

•  lowered  co^ts  (which  can  be  documented) 

•  lowered  morbidity  and  mortality  rates  evidenced  at  the  higher 
BLHCSechelons{which  may  or  may  not  be  capable  of  documentation). 

These  measures  of  effectiveness  can  be  documented  as  cost  per  military  beneficiary  to 
implement  this  alternative  and  a  documentation  of  the  number  of  troops  seen; 
a  listing  of  the  diseases  treated;  hours  of  counseling  provided;  and  possibly  the 
reduction  in  sick  call.  However,  what  is  uncontrollable  and  can  adversely  affect 
the  application  of  the  entire  concept  is  the  personality  and  education  of  the  indi¬ 
vidual  soldier;  the  personality  and  education  of  the  Barracks  Health  Master; 
and  the  support,  or  lack  of  it,  given  this  concept  by  the  higher  levels  of  medical 
health  care  professionals  within  the  BLHC  System.  Such  uncontrollable  factors 
have  been  considered  in  each  of  the  specific  analyses  which  follow. 

SYNTHESIZE  ALTERNATIVES 

For  each  major  element  of  the  existing  BLHC  System,  the  present  opera¬ 
ting  method  was  characterized,  quantified,  and  defined  to  the  degree  of  specificity 
possible.  In  each  case,  the  present  method  and  its  costs  and  resource  utilizations 
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were  considered  us  the  first  alternative.  Study  efforts  were  then  focused 
on  those  areas  with  the  largest  cost  or  resource  utilization  elements,  in  whieh 
improvements  would  contribute  the  greatest  overall  benefit  to  the  system  or  In 
those  areas  where  throughput  capability  is  more  important  than  cost. 

Improvement  alternatives  from  the  state-of-the-art  survey  were  then 
matched  to  comparable  elements  in  the  current  system  to  determine  whether  a 
single  alternative  or  a  combination  of  alternatives  could  improve  upon  the  present 
system.  Where  several  alternatives  offered  promise  over  the  current  method, 
detailed  studies  were  initiated  to  systematically  characterize  the  nature  of 
these  alternatives  in  relation  to  their  reaction  to  various  patient  mixes;  scale 
effects;  and  costs  in  labor  and  supplies.  Where  improvement  alternatives  were 
not  available  from  within  the  state-of-the-art,  various  groups  within  the  study 
team  developed  new  concepts  and  tools  whieh  could  be  introduced  as  improvements 
to  the  current  method  of  operation.  Only  concepts  and  tools  which  were  both 
feasible  and  economical  were  developed. 

ANALYSES  OF  ALTERNATIVES 

After  the  major  improvement  alternative  contenders  were  identified  or 
created  in  each  major  study  area,  they  were  subjected  to  an  analysis  process 
that  varied  according  to  the  complexity  and  number  of  alternatives  examined. 

In  most  of  the  analyses,  life  cycle  cost  analysis  ranked  the  alternatives.  In 
these  analyses  the  impact  of  decisions  made  in  the  present  is  gauged  by  the 
"present  value  method".  This  method  normalizes  the  effect  of  inflation  in 
labor  and  equipment  costs  by  discounting  the  present  money  spent  in  the  future. 

In  addition  to  the  quantitative  cost  effectiveness  or  cost/benefit  analysis, 
the  alternatives  were  subjectively  evaluated  by  health  care  professionals  and 
experts  in  numerous  other  fields.  In  a  few  areas,  only  subjective  evaluations 
were  possible.  The  subjective  evaluations,  such  as  efficiency,  safety,  and 
personnel  utilization,  are  expressed  in  the  individual  analyses  in  several  ways. 

In  some  eases,  the  degree  to  which  an  alternative  satisfies  the  subjective 
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objectives  is  listed.  In  a  few,  the  alternatives  are  given  a  subjective  ranking 
with  pertinent  differences  described. 

The  interaction  of  improvement  alternatives  in  different  functions  and 
areas  was  also  evaluated.  For  example,  if  an  improvement  alternative  in  one 
area  diminishes  the  effectiveness  of  or  precludes  an  improvement  alternative 
in  another  area,  the  effect  must  be  included  in  the  cost-effectiveness  analysis. 

These  interactions  have  been  both  quantifiably  and  subjectively  analyzed. 

The  fine  detail  of  data  collected  was  essential  to  quantification  of  interactions 
between  improvement  alternatives. 

SENSITIVITY  ANALYSES 

Within  the  analyses,  alternatives  were  evaluated  for  a  range  of  variables, 
such  as  workload  and  economic  factors,  to  see  what  degree  of  error  in  prediction 
can  be  tolerated  before  the  recommendations  are  invalidated.  This  process  of 
testing  is  called  sensitivity  analysis.  Each  recommended  improvement  alterna¬ 
tive  was  tested  in  this  manner. 

The  following  sections  of  the  Systems  Analysis  all  follow  the  above  pro¬ 
cedure: 

•  Planning 

•  System  Design  Concept 

•  Operational  Sub-system  Analysis 

In  the  final  section,  Systems  Application,  the  results  of  the  analysis  are  tested. 
Hypothetical  base  population  and  mission  have  been  defined  with  assigned  life  cycle  charac¬ 
teristics.  The  results  of  this  systems  analysis  has  produced  the  performance 
requirements,  operational  objectives,  and  general  design  concepts  for  the  NGMH. 
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3.1  PLANNING 


INTRODUCTION 

Planning,  as  defined  in  this  study,  is  the  prediction  of  patient  care  require¬ 
ments  and  the  resources  which  must  be  allocated  to  ensure  their  satisfaction. 

Total  patient  eare  requirements,  whieh  are  independent  of  BLI1CS  services  and 
facilities,  are  composed  of  demand  and  utilization.  Demand  can  be  defined 
in  units  of  inpatient  admission  and  outpatient  visits  and  utilization  as  bed  occupancy 
and  ancillary  usage.  Health  care  resources  to  match  these  requirements  include 
organizational  and  functional  structures  of  services,  facilities  and  operations. 
Although  planning  and  design  are  dealt  with  separately  in  this  study,  they  are 
sequential  steps  and  do  not  imply  the  necessity  for  any  organizational  division. 

Methodologies  and  techniques  for  predieting  patient  eare  requirement 
averages  over  a  long  term  have  been  emphasized  in  order  to  lay  the  foundation 
for  facilities  design.  To  prediet  patient  eare  requirements,  facilities  presently 
administering  eare  must  be  studied.  Medieal  technology  and  praetice  vary  from 
one  BLHC  System  to  another,  especially  in  the  fine  detail  of  expenditure  of 
health  eare  resources.  Therefore,  to  produee  meaningful  data,  we  have  limited 
tfc  n  level  of  detail  in  whieh  we  have  characterized  patient  eare  requirements . 

In  the  remainder  of  this  section  the  BLHC  System  is  characterized  briefly 
by  mission,  seope  of  services,  and  population  served.  Measures  of  effective¬ 
ness  are  discussed  for  predicting  patient  eare  requirements,  followed  by  an 
evc.uation  of  the  planning  method  required  by  present  DoD  guidelines,  i.e. , 
historical  workload.  A  more  effective  planning  method  whieh  prediets  patient 
eare  requirements  based  on  population  projections  is  then  proposed.  This 
method,  whieh  appears  to  have  advantages  over  historical  workload  as  a  method 
of  predieting  patient  eare  requirements  is  embodied  in  a  set  of  linear  transfoi  mations 
called  the  "Demand  Model."  The  numbers  generated  for  the  Demand  Model 
demonstrate  its  feasibility.  Moreover,  the  generality  of  the  methodology  is  such 
that  the  numbers  ean  be  updated  and  refined  without  invalidating  it. 

BLHC  SYSTEM  CHARACTERIZATION 

The  primary  mission  of  a  BLHC  System  is  to  render  medieal  eare  to 
members  of  the  U.S.  Armed  Forees:  the  secondary  mission  is  to  render  eare 
to  dependents  of  Armed  Forees  personnel.  Retired  personnel  and  dependents 
of  retired  or  deceased  personnel  are  authorized  for  eare  and  are  treated  to  the 
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extent  resources  are  available.  Although  other  members  of  the  Public  Health 
Service  and  visiting  military  personnel  of  allied  nations  are  also  authorized  for 

limited  care,  they  absorb  such  a  small  fraction  of  the  health  care  resources  at 
a  BLHC  System  that  their  requirements  are  not  discussed  here. 

The  BLHC  System  is  a  comprehensive  health  care  system  which  includes 
preventive  medicine  and  entry  point  care,  termed  first  echelon  care,  and  short¬ 
term  hospitalization,  termed  second  echelon  care.  Some  BLHC  Systems  may 
also  serve  as  specialty  and  regional  referral  centers  for  diseases  or  conditions 

requiring  special  facilities.  Unlike  many  civilian  institutions,  long-term  care 

for  chronic  or  disabling  conditions  is  not  a  mission  of  the  BLHC  System. 

Each  of  the  four  primary  beneficiary  groups  has  distinguishing  character¬ 
istics  which  sets  it  apart  from  the  others,  both  in  its  predominant  demands  and 
in  some  administrative  features  of  the  care  each  receive. 

•  Active  duty  members  of  the  U.S.  Armed  Forces  are  predominantly 
young  males.  Because  these  people  are  screened  before  induction, 
incidences  of  disabilities  or  chronic  illnesses  are  low.  Their  most 
common  illness  is  the  common  cold.  Enlisted  recruit^  because  of 
unaccustomed  stress  during  training,  create  a  heavy  load  on  the  BLHC 
System  for  sick  call. 

•  Since  dependents  of  active  duty  personnel  are  predominantly  young 
females,  infants,  and  children,  their  demands  are  mostly  for  obstetrics 
and  gynecology,  and  pediatric  services. 

•  Retired  personnel  are  generally  subject  to  the  ills  of  middle  age. 

•  Dependents  of  retired  or  deceased  personnel  are  older  females  and  teen- 
aged  children. 

The  five  most  prevalent  causes  of  inpatient  admissions  for  each  of  these 
beneficiary  categories  is  shown  in  Table  3.1-1,  as  derived  from  USAF  Medical 
Record  Summary  Sheets  for  CY67  (see  Appendix  3.1-1  for  details  of  the  data 
processing). 

To  furnish  a  basis  for  comparison  of  illness  rates  across  health  care  sys¬ 
tems,  age-sex  distributions  of  these  beneficiary  categories  were  found  (Figures 
3.1-1  to  3.1-4).  To  derive  these  distributions  it  is  assumed  that  each  age-sex 
cohort  of  the  dependent  categories  have  admissions  under  CHAMPUS  proportional 
to  those  of  the  U.S.  civilian  population  (see  Appendix  3.1-2).  Only  the  age-sex 
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TABLE  3. 1-1 


MOST  PREVALENT  MAJOR  ICDA  DIAGNOSES  (PRIMARY) 


Benehciary 

Recruits 


BY  BENEFICIARY  TYPE* 

%  of  Admissions  of 
that  B.T.  to  Air  Force 

DOC  Hospitals  in  CONUS 


8-Respiratory  System 

23.7 

1-Infectivc  &  Parasite 

11.4 

5-Mental  &  Personality 

11.0 

9-Digestive  System 

10.5 

12-Diseases  of  the  Skin 

10.3 

Active  Duty  Personnel 

9-Digestive  System  14.  7 

17-Extemal  Causes  14.2 

8-Respiratory  System  11.2 

16 -Ill-defined  Conditions  10.2 

13-Diseases  of  the  Bones  7.6 


Dependents  of  Active  Duty  Personnel 

11-Deliveries  26. 8 

18-Births  and  Special  Admissions  23.  5 

10-Genitourinary  System  8.1 

3-Respiratory  System  6.9 

16 -Ill-defined  Conditions  5. 9 

Retired  Personnel 

7-Circulatory  System  18.6 

9-Digestive  System  17. 1 

2-Neoplasms  9.8 

16 -Ill-defined  Conditions  9.  3 

10-Genitourinary  System  7.2 

Dependents  of  Retired  or  Deceased  Personnel 

10-Genitourinary  System  15.4 

9-Digestive  System  10.4 

2-Neoplasms  9. 4 

16 - II  1-defined  Conditions  8 . 6 

17- Extemal  Causes  7.7 


*  Source:  Medical  Record  Summary  Sheets,  CY1967,  USAF. 
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Fig.  3. 1-1 -Total  BLHCS  population 
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distributions  arc  derived,  not  total  numbers  of  dependents  (which  are  known 
from  other  sources). 

The  age-sex  distribution  (world-wide)  of  active  duty  personnel  is  from  the 
USAF  Biostatistical  Report  for  1967.  The  age-sex  distribution  of  retired  per¬ 
sonnel  (excluding  Title  III  retirees)  was  taken  from  a  chart  prepared  by  OASD 
(Office  of  Manpower  and  Reserve  Affairs).  The  age-sex  distribution  of  the 
dependent  categories  applicable  in  CONUS  were  derived  from  an  age-sex  break¬ 
down  of  inpatient  admissions  in  CONUS  under  the  CHAMPUS  program  (CHAMPUS 
Twelfth  Annual  Report)  and  from  U.S.  admission  rates  by  age  and  sex  (Health 
Interview  Survey,  Department  of  Health,  Education  and  Welfare). 

MEASURES  OF  EFFECTIVENESS 

Patient  care  requirements  depend  both  cn  the  demand  on  the  BLHC  System 
and  on  the  utilization  of  health  care  resources  to  meet  these  demands.  Errors 
in  predicting  patient  care  requirements  may  result  from  error  in  predicting 
demand,  even  if  utilization  per  outpatient  visit  or  per  admission  is  as  predicted. 
Conversely,  changes  in  medical  practice  or  technology  will  change  the  patient 
care  requirements  even  with  demand  remaining  constant.  Demand  and  utiliza¬ 
tion  are  separate  problems;  they  can  be  predicted  independently  and  measured 
nearly  independently. 

The  only  sure,  quantitative  measures  of  effectiveness  for  planning  are 
retrospective:  how  close  the  observed  is  to  the  predicted.  Such  ex-post  facto 
measures,  however,  must  be  supplemented  by  the  following  qualitative  criteria 
which  allow  a  planning  method  to  be  assessed  before  it  is  implemented:  1)  does 
the  method  allow  prediction,  2)  is  it  rational,  and  3)  is  it  feasible. 

EVALUATION  OF  HISTORICAL  WORKLOAD 

The  present  DoD  method  for  determining  future  patient  care  requirements 
is  average  workload  over  a  previous  12-month  period.1  This  section  will  assess 
this  planning  method. 

Because  the  planning  estimates  of  patient  care  requirements  at  the  nine 
study  BLHC  Systems  were  not  available  during  the  study,  retrospective  evaluation 
was  not  possible.  Consequently,  the  study  Systems  and  parts  of  the  military 
health  care  system  in  CONUS  have  been  assessed  on  how  closely  the  demands  of 

1.  DoD  Instruction  6015.17  Par.  V.C.3,  24  September  1968. 
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the  beneficiaries  are  met  by  resources  at  the  BLHCS. 

Since  the  primary  mission  of  the  BLHC  System  is  to  provide  health  care 
for  military  personnel,  we  assume  that  all  military  health  care  demands  are 
being  met.  Statistics  on  their  demands  on  the  study  Systems  are  assumed  to 
accurately  reflect  these  demands.  The  following  analyses,  however,  jhow  that 
the  non-military  beneficiary  demand  is  not  entirely  met  by  the  BLHC  Systems 
and  that  the  method  of  historical  workload  permits  this  condition  to  persist 
indefinitely,  i.e.  inadequate  resources  and  services  provided  under  CHAM PUS. 

Two  analyses  were  performed  on  the  demands  at  the  BLHC  Systems 
studied.  In  each,  the  BLHC  Systems  have  been  considered  a  sample  from  a 
statistical  universe  of  military  health  care  systems  in  the  continental  U.S. 

The  limited  number  of  study  BLHCS  excluded  inter-service  comparisons. 

In  the  first  analysis,  outpatient  visits  and  inpatient  admissions  per  member  of 
the  population  were  plotted  as  a  function  of  time  from  1965  to  1968,  using  the 
data  pack  information  (Figures  3.1-5  and  6).  Beneficiary  categories  were  not 
broken  out  since  the  data  pack  did  not  contain  this  information.  The  data  pack 
information  on  Walson  Army  Hospital  did  not  permit  this  analysis.  Aggregate 
admissions  and  outpatient  visits  show  no  particular  trend  at  any  individual  base, 
but  do  show  substantial  variation  in  services  per  person  rendered  at  the  bases. 

A  second,  more  detailed  study  was  performed  to  find  outpatient  visits 
and  inpatient  admissions  per  person  by  beneficiary  category  for  1968  at  the 
BLHC  -  stems  studied  (Figures  3.1-7  through  15).  Since  only  the  demands 
from  the  population  served  by  the  BLHC  System  were  desired,  transfers  into 
the  BLHC  System  and  IRHA  (injured  as  a  result  of  hostile  action)  were  not 
included  in  inpatient  admissions.  The  planning  process  for  a  BLHCS  includes 
the  estimated  health  care  resource  usage  of  these  patients,  however  the  objective 
is  to  describe  the  services  provided  the  populations  at  the  BLHC  Systems.  Dis¬ 
pensary  visits  by  non-military  beneficiaries  were  included  in  outpatient  visits; 
dispensary  visits  by  military  personnel  are  considered  separately  from  outpatient 
visits.  Figures  for  Air  Force  dispensary  visits  are  taken  from  reporting 
dispensaries.  Recruits  were  not  distinguished  from  extended  active  duty  per¬ 
sonnel  on  these  forms. 
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The  main  sources  of  data,  were:  Army,  DA  8-268  (Morbidity  Reports), 
and  DD  444  (Outpatient  Report);  Navy,  NAVMED  1454  (Medical  Services  Report) 
Air  Force,  A F  285  (Report  of  Patients).  Recruits  were  not  distinguished  from 

extended  active  duty  personnel,  on  these  data  sources. 

The  figures  for  population  served  were  taken  from  the  data  pack.  These 
figures  were  updated,  when  possible,  during  the  data  collection;  in  some  cases 
the  data  pack  population  figures  were  only  estimates  based  on  nationwide  ratios. 
The  detailed  figures  for  each  BLHC  System  are  shown  in  Appendix  3.1-6 . 
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Fig.  3. 1-11  -Admissions  vs  population  of  dependents  of  active  duty  personnel 
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Fig.  3. 1“12— Outpatient  visits  vs  population  of  retired  personnel 
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Fig.  3. 1-13-Admissions  vs  population  of  retired  personnel 
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Fig,  3. 1_14 -Outpatient  visits  vs  population  of  dependents  of  retired 
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Oakland  Naval  Hospital  is  omitted  from  the  analysis  because  the  required 
data  were  not  available.  On  each  figure  is  shown  the  least-squares  fit  straight 
line(s)  through  the  origin.  To  separate  the  component  due  to  recruits  from  that 
of  extended  active  duty  personnel,  regression  analysis  was  used. 

The  results  for  military  personnel  at  these  BLHC  Systems  are: 

(].)  On  the  average,  recruits  visit  dispensaries  approximately  3-1/2  times 
as  often  as  active  duty  personnel  per  exposure  year  (14.5  visits  per  year 
versus  3.9  visits  per  jear).At  Parris  Island,  data  collection  showed  that 
recruits’  visits  are  16.6  per  year. 

(2)  On  the  average,  recruits  are  admitted  as  inpatients  approximately 

5  times  as  often  as  active  duty  personnel  (890  per  1000  versus  170  per 
1000  admissions  per  year).  There  was  a  wide  variation  in  admission 
rates  of  the  recruit  population  in  each  of  the  services.  This  is  caused 
by  types  of  training  being  performed,  regional  factors,  and  dispensary 
operation  and  services  rendered. 

(3)  Keeping  recruits  and  extended  active  duty  personnel  as  separate 
categories,  partial  regression  coefficient  for  recruits  was  nearly 
zero.  Consequently,  the  best  fit  regression  line,  on  Figure  3.1-g 
5.2  visits  per  year,  is  for  the  two  groups  combined. 

These  results  indicate  the  large  differences  in  demands  between  recruits 
and  extended  active  duty  military  personnel  and  justify  predicting  their  patient 
care  requirements  s  eparately. 

The  results  for  the  non-military  beneficiaries  which  did  not  include  services 

rendered  under  CIIAMPUS,  show  that  at  these  BLHC  Systems: 

(1)  Dependents  of  active  duty  personnel  have  approximately  3/4  as  many 
outpatient  visits  per  year  as  the  U.S.  civilian  population  (2.9  versus 
approximately  4  per  year  U.S.  national  average  in  1968). 

(2)  Dependents  of  active  duty  personnel  are  admitted  approximately  l/2 
us  often  as  the  U.S.  civilian  population  (65  per  1000  versus 

13Y  per  1000  per  year  average  U.S.  admission  rate  1968), 

(3)  Demands  due  to  retired  personnel  and  dependents  of  retired  or  deceased 
personnel  are  generally  lower  than  might  be  expected,  by  comparison 
with  civilian  statistics,  and  do  not  correlate  well  with  the  estimated 
populations.  This  result  may  be  due  either  to  inaccuracies  in  estimating 
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population  or  to  the  availability  of  other  means  of  receiving  health 
care. 

These  results  for  eight  of  the  study  BLHC  Systems  lead  to  the  suspicion 
that  some  of  the  health  care  demands  of  the  non-military  beneficiaries  are  being 
met  outside  the  BLHC  System.  It  is  not  possible  from  these  results  to  definitely 
state  that  any  particular  BLHC  System  is  not  meeting  the  health  care  demands 
of  its  beneficiaries,  since  data  on  the  demands  at  a  particular  BLHCS  which 
were  served  in  other  health  care  systems,  such  as  CHAMPUS,  could  not  be 
found. 

The  Civilian  Health  and  Medical  Program  of  the  Uniformed  Services 

(CHAMPUS!  augment  the  BLHC  System  by  providing  benefits  for  health  care 

services  to  authorized  dependents  of  active  duty  personnel,  retirees,  and 

1,  2 

dependents  of  retired  or  deceased  personnel  .  For  ambulatory  care, 

beneficiaries  choose  freely  between  a  BLHC  System  and  services  in  civilian 
3 

facilities.  To  be  hospitalized  under  the  CHAMPUS  program,  dependents  of 
active  duty  personnel  who  reside  with  their  sponsor  require  a  certificate  of 
non-availability  from  the  BLHC  System;  other  beneficiaries  have  free  choice. 

In  CY68  ,  approximately  71  %  of  dependents  of  active  duty  personnel  did 
not  reside  with  their  sponsor,  and  so  had  free  choice. 

Though  the  BLHC  System  maintains  records  of  non-availability  slips, 
the  large  fraction  of  beneficiaries  who  ha,re  free  choice  makes  their  interpretation 
difficult.  Records  on  CHAMPUS  claims  are  maintained  at  a  state-wide  level 
by  the  program's  contractors.  Thus,  an  individual  BLHC  System  has  little 
idea  of  the  demand  in  the  vicinity  of  the  bas3  that  is  served  under  CHAMPUS. 

However,  it  is  possible  to  compare  total  CONUS  inpatient  claims  pro¬ 
cessed  and  approved  under  CHAMPUS  with  total  inpatient  admissions  in  the 

^CHAMPUS  Twelfth  Annual  Report,  1  June  1969. 

2 

Columbia  University  School  of  Public  Health  and  Administrative  Medicine, 
"Military  Medicare,"  June,  1969,  study  sponsored  by  the  Department  of  Defense. 

3 

Dependents  residing  on  base  must  use  its  resources  unless  needs  cannot 
be  met  locally. 
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military  health  care  system  in  CONUS.  With  this  comparison,  it  is  possible 
to  extrapolate  approximate  measurements  of  health  care  demands  for  dependents 
and  retirees.  Since  retirees  and  dependents  of  retired  or  deceased  personnel 
over  65  may  choose  between  a  BLHC  Syslem,  CHAMPUS,  or  MEDICARE,  and 
retirees  may  be  covered  under  private  insurance  plans  provided  by  an  employer, 
the  totals  for  these  groups  from  CHAMPUS  and  the  military  health  care  system 
will  be  less  than  the  total  health  care  demands. 

Since  many  comparatively  low  cost  outpatient  visits  are  not  reported 
because  of  deductibles  and  coinsurance,  the  reported  number  of  outpatient 
visits  does  not  accurately  reflect  demand.  Therefore,  this  analysis  will  be 
confined  to  inpatient  admissions. 

Table  3.1-2  shows  total  inpatient  admissions  in  the  CONUS  military  health 
care  system  and  inpatient  admissions  under  CHAMPUS.  The  figures  for  pop¬ 
ulations  of  military  personnel  and  their  dependents  are  world-wide.  The  figures 
for  retirees  and  dependents  of  retired  or  deceased  personnel  are  for  CONUS. 

Data  sources  are  indicated  at  the  bottom  of  the  chart.  The  apparent  admission 
rates  shown  are  the  total  admissions  under  CHAMPUS  and  in  the  CONUS  mili¬ 
tary  health  care  system  divided  by  total  persons  in  the  population.  The  expected 
admission  rates  were  derived  under  the  assumption  that  the  non-military 
beneficiaries  have  for  each  age-sex  cohort  an  admission  rate  equal  to  that  of 
the  U.S.  civilian  population.  The  age-sex  distributions  of  the  non-military 
beneficiaries  were  used  together  with  statistics  from  the  National  Center  for 
Health  Care  Statistics,  HEW,  to  derive  the  expected  admission  rates  (see 
Appendix  3.1-4  .  Since  the  world-wide  number  of  dependents  of  active  duty 
personnel  was  used,  the  actual  admission  rate  is  approximately  10%  higher 
than  that  shown  here. 

The  apparent  admission  rate  of  dependents  of  active  duty  personnel  to  the 
assemblage  of  CONUS  BLHC  Systems  is  higher  (86/1000)  than  the  study  hospitals 
(65/1000).  For  retirees,  the  inpatient  admission  rate  to  CONUS  BLHC  Systems 
is  higher  (75/1000)  than  in  the  eight  study  BLHC  Systems  (32/1000).  CONUS- 
wide  and  at  eight  study  hospitals  the  inpatient  admissions  to  the  BLHC  System 
are  far  lower  than  civilian  admission  rates. 
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INPATIENT  ADMISSIONS  IN  MILITARY  HEALTH  CAKE  SYSTEM  ANDCllAMPCS 
FOR  FY69,  EXCEPT  WHERE  NOTED 
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Army  Hospital,  and  Waison  Army  Hospital.  In  these  three  hospitals,  85.5$  of 
the  total  admissions  of  dependents  (18,589)  during  FY69  were  dependents  of  active 
duty  personnel,  the  rest  were  dependents  of  retired  or  deceased  personnel. 

Navy:  "Admissions  in  CONITS  Navy  Hospitals  FY68  by  Type  of  Beneficiary,"  t>id. 

Air  Force:  Medical  Record  Summary  Sheets,  CY1968. 


These  analyses  were  performed  using  the  best  data  available  during  the 
study;  they  might  be  refined  further.  But  to  within  the  tolerance  for  error,  the 
analyses  of  eight  of  the  nine  study  hospitals  and  the  CONUS-wide  analysis  including 
CHAMPUS  show  that  a  large  fraction  of  the  inpatient  demands  of  the  non-military 
beneficiaries  are  served  outside  the  BLHC  Systems. 

Though  limited  financing  may  have  restricted  expansion  of  the  BLHC  Systems, 
the  historical  workload  planning  method  contributes  to  deficiencies  in  estimates. 
This  method's  chief  fault  is  allowing  a  saturated  facility  to  perpetuate  itself,  even 
after  expansion,  as  a  saturated  facility.  When  demand  on  the  BLHC  System 
grows  until  it  becomes  saturated  or  overloaded,  the  non-military  bene¬ 
ficiaries  face  long  waiting  times  for  outpatient  clinic  appointments  and  deferred 
selective  admissions.  Those  beneficiaries  who  choose  not  to  wait,  seek 
authorization  where  required  for  services  at  civilian  health  care  systems  under 
the  CHAMPUS  Program.  When  the  facility  expands  to  meet  the  projections 
based  on  historical  workload,  the  non-military  beneficiaries  flock  back  to  the 
BLHC  System  and  saturate  it  once  again. 

The  historical  workload  method  lacks:  1)  an  estimate  of  the  demands 
met  in  health  care  systems  other  than  the  particular  BLHC  System  under 
study;  and  2)  an  estimate  of  future  health  care  demands  and  resource  utilization 

based  on  at  least  partial  knowledge  of  the  future. 

Planning  according  to  the  population  to  be  served,  as  performed  in  Great 
Britain  and  especially  in  Sweden,  appears  to  have  an  advantage  over  the  method 
of  historical  workload.  It  is  predictive:  a  projection  of  population  leads  to  a 
projection  of  the  patient  care  requirements.  It  is  rational:  it  includes  infor¬ 
mation  over  and  above  historical  workload .  That  it  is  a  feasible  planning  tool 
for  Dod  is  shown  in  the  remainder  of  this  section. 

DEMAND  MODEL 

The  Westinghouse  Demand  Model  is  a  predictive  method  for  determining 
patient  care  requirements  for  a  BLHC  System.  The  rationale  of  the  demand 
model  is  shown  in  Figure  3.1-16,  The  population  served  by  the  BLHC  System 
is  classified  into  five  categories:  (1)  recruits,  (2)  extended  active  duty  per¬ 
sonnel,  (3)  dependents  active  duty  personnel,  (4)  retirees,  (5)  dependents 
of  retired  or  deceased  personnel. 
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These  members  of  the  beneficiary  population  have  conditions,  including 
the  well  condition,  that  make  demands  on  the  BLHC  Systems.  The  demands 
take  the  form  of  dispensary  visits,  clinic  visits,  and  inpatient  admissions. 
Admission  is  a  derived  demand,  i.e„ ,  a  demand  placed  on  the  BLHC  System 
as  the  result  of  a  decision  by  a  health  care  professional.  In  addition,  Ihere  may 
be  physical  examinations  or  health  multitesting. 

Episodes  of  illness,  accident,  and  routine  examination  bring  people  into 
the  BLHC  System  and  evoke  sequences  of  medical  care,  expressed  in  terms 
of  expenditure  of  health  care  resources.  This  sequence  may  be,  for  example, 
an  outpatient  visit,  hospitalization  with  its  own  sequence  of  care  while  an  in¬ 
patient,  and  two  follow-up  outpatient  visits.  These  sequences  of  care  depend 
on  the  medical  practice  and  technology  at  the  particular  BLHC  System .  At 
one  BLHC  System,  a  patient  may  stay  extra  days  at  the  hospital,  with  the 
follow-up  outpatient  visits  omitted;  at  another  BLHC  System  the  patient  may  be 
discharged  earlier  onto  a  light  duty  status. 

Statistical  profiles  of  the  sequences  of  care  can  be  used  for  purposes  of 
management  and  control  within  the  facility  over  a  time  span  of  hours  to  weeks. 
For  predicting  and  projecting  patient  care  requirements  ahead  over  a  period 
of  years,  averages  and  grosser  statistics  suffice,  aggregated  from  sequences 
of  care.  The  particular  aggregation  chosen  for  the  sequences  of  care  depends 
on  the  use  of  statistics  and  on  the  availability  of  data  from  which  to  complete 
them.  Since  the  Demand  Model  is  intended  to  give  information  to  the  systems 
designers,  the  output  of  the  Demand  Model  is  as  follows: 

Outpatient 

Clinic  visits/year/specialty  clinic 

Dispensary  visits/year 

Ancillary  usage  (X-ray,  pharmacy,  lab) 

Inpatient 

Census  in  each  level  of  dependency 
Ancillary  usage 

Data  have  been  collected  on  sequences  of  inpatient  care.  The  necessary 
outpatient  data  are  separate  from  inpatient  records,  and  are  not  cross  referenced 
well  enough  to  follow  an  individual's  complete  care  sequence.  Consequently, 
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the  only  data  collected  on  outpatient  visits  were  the  aggregated  statistics. 

The  structure  of  the  Demand  Model  is  shown  in  Figure  3.1-17.  Each 
population  category  is  served  to  a  greater  or  lesser  extent  by  the  BT.TTC 
System.  From  this  population,  so  many  dispensary  visits,  outpatient  visits, 
admissions  per  year  are  estimated.  The  distribution  of  clinic  visits  among 
specialty  clinics  differs  for  each  population  category,  as  does  the  time,  on  the 
average,  that  each  inpatient  stays  in  a  level  of  dependency. 

An  outpatient  visit  and  an  inpatient  admission  both  lead  to  a  certain  amount 
of  ancillary  usage.  Though  the  data  collections  from  medical  records  and  other 
sources  has  yielded  the  expected  ancillary  usage  per  admission  by  beneficiary 
type,  the  existing  records  were  insufficient  to  determine  the  ancillary  usage  to 
be  expected  from  a  particular  clinic  or  by  a  particular  beneficiary  type. 

The  numbers  generated  during  the  study  have  a  three-fold  purpose: 

(1)  lb  show  the  feasibility  of  the  methodology. 

(2)  rIb  develop  a  tool  DoD  can  use. 

(3)  To  find  appropriate  data  to  plug  into  this  planning  tool. 

In  order  to  generate  usable  numbers,  certain  assumptions  have  been  made: 

(1)  Each  category  of  beneficiary  has  an  average  age-sex  distribution. 

(2)  The  incidence  of  diseases  or  conditions  pOC)  is  the  same  among  the 
non-military  beneficiaries  as  among  the  U.S.  civilian  population,  and 
it  does  not  vary  significantly  by  geographic  area  of  CONUS. 

In  addition,  the  patient  care  requirements  for  exogenous  demands,  such 
as  transferred  and  referred  patients,  are  not  considered  here.  The  numbers 
we  have  generated  are  average  figures  which  apply  to  no  particular  BLHC  Sys¬ 
tem.  Even  if  the  aggregated  statistics  were  perfect  at  one  instant  of  time, 
changes  in  medical  practice  and  technology  would  produce  changes  in  them  at 
some  later  time.  The  numbers  must  be  continually  updated.  By  the  structure 
of  the  Demand  Model,  the  prediction  error  is  linearly  proportional  to  errors 
in  estimates  of  population  or  parameters. 

These  assumptions  and  restrictions  were  necessary  because  of  constraints 
of  time  and  money  during  the  study.  In  the  following  sections  necessary  additional 
data  and  methods  of  collecting  them  will  be  pointed  out.  These  extra  data  will 
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allow  the  assumptions  and  restrictions  to  be  dropped  and  the  Demand  Model 
applied  to  the  planning  of  a  particular  BLHC  System. 

Predicting  Population 

Since  the  starting  point  for  planning  using  the  Demand  Model  is  population, 
it  is  necessary  to  show  that  DoD  can  determine  the  population  to  be  served  by 
a  BLHC  System,  at  present  and  in  the  future.  To  keep  the  cost  of  planning  to  an 
acceptable  level,  the  emphasis  here  is  on  more  effective  utilization  of  existing 
data  sources  within  the  Department  of  Defense  or  within  the  Federal  Government. 

The  desired  data  for  each  category  of  beneficiary  are: 

(1)  Numbers 

(2)  Residence  or  duty  station 

(3)  Age  and  sex. 

Table  3.1-3  is  a  summary  of  existing  sources  of  population  data  and  the  infor¬ 
mation  each  gives.  The  table  indicates: 

(1)  Military  personnel:  the  numbers,  rank,  and  duty  station  are  known 
by  the  base  commander  and  by  the  office  of  the  chief  of  the  appropriate 
military  service,  with  projections  of  strength  for  five  years  into  the 
future. 

(2)  Retired  personnel:  the  residence,  age,  and  sex  can  be  found  from 
machine-readable  tapes  for  each  service. 

(3)  Dependents  of  active  duty  personnel:  potentially  the  most  informative 
source  of  data  is  the  "Record  for  Emergency, "  filled  out  by  the 
sponsor,  giving  the  residence  and  numbers  of  dependents.  This 
source  of  data  is  believed  not  to  be  in  machine-readable  form,  so 
that  only  sampling  can  be  conducted. 

(4)  Dependents  of  retired  or  deceased  personnel:  presumably  dependents 
of  retired  personnel  reside  with  the  sponsor.  Dependents  of  deceased 
personnel  can  be  located  through  the  office  of  the  paymaster  of  the 
appropriate  service  for  these  dependents. 

Additional  sources  of  data  could  include  the  Census  Bureau,  Social 
Security  Administration,  Internal  Revenue  Service,  Retired  Sections 
and  Casualty  Sections  in  each  service  to  locate  dependents  of  sponsors 
serving  overseas. 
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TABLE  3.1-3 

POPULATION  DATA  SOURCES 


Beneficiary  Source  of 

Category  Data  Information  Comments 


Military 

• 

Base  commander 

Duty  station, 

Personnel 

and  headquarters  of 
the  appropriate 
service 

local  address,  rank 

Dependents  of 

• 

Record  for  emergency 

No.  of  dependents, 

Not  machine 

Active  Duty 

form  (filled  out  by 

address,  ages  of 

readable 

Personnel 

sponsor) 

children 

• 

Census  Bureau 

Address,  age/sex 

Only 

(cross-referenced 

of  household 

decennially 

and  through  occupation 
of  head  of  household) 

members 

surveyed 

• 

Housing  surveys 

Address,  number 

periodically 

near  base 

of  members  of 
household 

conducted 

• 

Internal  Revenue 

Address,  number 

Service  (cross- 
referenced  through 
Social  Security 

Number  of  sponsor) 

of  dependents 

Retired 

• 

OSD  -  Manpower  of 

Address,  number 

Personnel, 

Reserve  Affairs 

of  checks  sent 

Dependents  of 

(dependents) 

Retired  or 

• 

BUPERS  (PAMICONUS  Retirees  and 

Navy  only 

Personnel 

1080-1135-E-SA) 

dependents  by  zip 
code 

• 

Navy  Finance  Center, 

Retirees  and 

Navy  only 

Quarterly  Zip  Code 

dependents  by 

Report 

zip  code 

• 

Army  Retired 

Address  and  age 

Army  only; 

Section 

of  retirees 

machine- 

readable 

tapes 

• 

Air  Force  Retired 

Retirees  -  address 

Personnel  Section 

by  zip  code 
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Estimating  Health  Care  Demand 

Required  are  BLHCS  dispensary  visits,  outpatient  visits,  and  inpatient 
admissions  expected  over  a  period  of  time  assuming  all  those  authorized  for 
care  were  to  apply  to  the  BLHC  System. 

Military  personnel  receive  nearly  all  their  short-term  health  care  within 
the  BLHC  System.  Their  numbers  are  known  and  their  incidence  rate  of 
diseases  or  conditions  can  be  effectively  computed.  Admission  and  length  of 
stay  statistics  for  enlisted  recruits  can  be  computed  separately  from  other 
military  personnel  in  the  Navy  and  Air  Force  through  their  machine-readable 
medical  record  summaries.  Dutpatient  and  dispensary  records  do  not  distinguish 
recruits  from  other  military  personnel.  Estimation  of  the  demands  for  these 
two  categories  can  be  separated  in  a  gross  fashion  by  regression  analysis,  as  has 
been  seen,  or  by  sampling  records  at  the  individual  base.  These  statistics  are 
presented  in  the  first  two  columns  of  Table  .3. 1-4. 

The  non-military  beneficiaries,  on  the  other  hand,  receive  some  of  their 
care  in  health  care  systems  other  than  the  BLHC  System.  To  estimate  potential 


TABLE  3.1-4 

POTENTIAL  PATIENT  DEMAND 


Dispensary 
Visits /Year 

Outpatient 

Visits/Year 

Admissions/ 

Year 

Recruits 

14 

5.21 

.  8851 

Active  Duty  Personnel 

3.8 

5.21 

.1701 

Dependents  of 

Active  Duty 

- 

3.93 

.1442 

Retired  Personnel 

- 

4. 73 

.  1402 

Dependents  of  Retired 

- 

3. 73 

.  1442 

or  Deceased  Personnel 


1.  8  Study  BLHC  Systems 

2.  "Discharges  from  Short-Term  Hospitals",  Household  Interview  Survey, 
Series  10,  National  Center  for  Health  Statistics,  Public  Health  Service, 
Dept.  H.E.W. ,  adjusted  for  'tge-sex  distribution, 

3.  Statistical  Report,  1965,  Health  Insurance  Plan  of  New  York,  adjusted, 
for  age-sex  distribution. 

4.  Apparent  admission  rate  in  CONUS,  CY68. 


3.1-32 


demand  from  the  non-military  beneficiaries,  comparison  was  made  with  civilian 
health  care  systems.  Statistics  on  discharges  from  short-term  civilian  hospitals 
(Household  Interview  Survey,  DHEW)  were  used  to  estimate  inpatient  admissions. 
These  statistics,  listed  by  age  and  sex,  were  used  with  the  age-sex  breakdowns 
of  the  non-military  beneficiaries  to  arrive  at  the  numbers  shown  in  column  three 
of  Table  3.1-4.  The  apparent  admission  rates  of  active  duty  dependents, 
derived  from  the  sum  of  admissions  under  CHAMPUS  and  in  the  military  health 
care  system  is  five  percent  more  than  that  predicted  through  statistics  on  the 
U.S.  civilian  population.  The  same  comparison  for  retirees  and  dependents 
of  retired  or  deceased  personnel  shows  that  the  apparent  admission  rates  are 
lower.  This  is  expected  since  these  beneficiaries  have  options  for  health  care 
other  than  CHAMPUS  and  BLHC  Systems. 

Potential  outpatient  visits  of  the  non-military  beneficiaries  must  be  in¬ 
ferred  from  civilian  statistics  alone,  since  the  deductibles  and  coinsurance  of 
CHAMPUS  show  outpatient  visits  less  than  their  actual  number.  The  statistics 
used  to  predict  potential  outpatient  visits  should  be  taken  from  a  health  care 
system  where:  (1)  the  beneficiaries  are  not  restrained  from  seeking  health 
care  by  either  financial  penalties  or  long  delays  in  service,  (2)  all  demands 
of  beneficiaries  are  served  in  the  health  care  system,  and  (3)  the  practice  of 
medicine  is  similar  to  that  in  BLHC  System.  In  general,  U.S.  comprehensive 
prepaid  health  care  plans  most  closely  satisfy  these  criteria. 

The  best  continuing  set  of  statistics  is  published  by  the  Health  Insurance 
Plan  of  Greater  New  York  (H.I.P.),  which  provides  comprehensive  health  care 
services  for  its  enrollees  through  contracts  with  31  autonomous  groups  of  phy¬ 
sicians.  The  enrollment  in  the  plan  in  19G8  was  783,829.  To  derive  potential 
outpatient  visits,  the  age-sex  breakdowns  by  beneficiary  category  were  used  with 
H.I.P.  statistics  on  outpatient  visits  by  age  for  1965  (the  most  recent  year  for 
which  reports  from  H.I.P.  were  available).  The  results  are  snown  in  column  two 
of  Table  3.1-4. 

The  distribution  of  clinic  visits  is  needed,  in  addition  to  their  total  num¬ 
ber.  To  allow  comparison  of  BLHC  System  and  civilian  statistics,  subspecialties 
were  grouped  under  one  of  eight  major  clinic  specialties.  The  eight  major 
clinics  and  their  subspecialty  clinics  are  shown  in  Table  3.1-5.  As  a  rule, 
a  BLHC  System  does  not  report  the  number  of  visits  to  each  clinic  by  beneficiary 
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TABLE  3.1-5-  DEFINITION  OF  SPECIALTY  CLINICS 


ARMY 

NAVY 

Am  FORCE 

1.  Orthopedic 

Orthopedic 

Orthopedic 

Orthopedic 

2.  Pediatric 

Pediatric 

Pediatric 

Pediatric 

3.  Obstetrics 

Obstetrics 

Gynecology 

Obstetrical 

Gynecology 

Obstetrics 

Gynecology 

4.  Ophthalmology 

Eye 

Ophthalmology 

Ophthalmology 

Optometry 

5.  Neuropsychiatry 

Neurology 

N  c  u  ropsy c  h  ia  try 

E  EG 

Psychiatry 

Psychology 

Psychiatric 

Neurology 

Psychology 

Psy.  Social  Work 

ti.  Surgery 

Surgical 

ENT 

G.U. 

General  Surgery 
Neurosurgical 
Plastic  Surgery 
Thoracic  Surgery 
Otorhinolaryngo¬ 
logy 

Urology 

Otolaryngology 

Podiatry 

Neurosurgery 

Surgery 

Plastic  Surgery 
Thoracic  Surgery 
Urology 

7.  Medical 

Medical 

Allergy 
Dermatology 
Venereal  Dis. 

General  Out¬ 
patient  Clinic 
Visits 

Allergy 

Cardiology 

Chest  Disease 

Dermatology 

Endocrinology 

Gastroenterology 

General  Medicine 

Proctology 

Allergy 

Cardiology 

Dermatology 

Pulmonary 

Gastr  oente  r  ology 
Endocrinology 
Rheumatology 
Renal 

Internal  Medicine 
General  Practice 

8.  Emergency 

Room  Visits 

Emergency 

Room 

Emergency  Room 

Clinics  or  services  not  included  in  the  eight  basic  areas  but 
considered  an  outpatient  visit  by  their  branch  of  service: 

(Army)  (Navy)  (Air  Force) 

Occupational  Therapy  Anesthesiology  Hematology 

Physical  Therapy  Hematology 

Occupational  Therapy 
Physical  Therapy 

NOTE:  Workload  procedures,  such  as  x-rays  and  lab.  orders,  are  not 
included. 
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type.  Such  information  was,  however,  collected  at  Walson  Army  Hospital 
and  Malcolm  Grow  Air  Force  Hospital.  For  comparison,  H.I.P.  statistics 
for  physician  visits  by  specialty  in  1965,  reported  by  age,  were  used  along  with 
the  age-sex  breakdown  of  beneficiaries. 

The  percentage  distribution  of  outpatient  visits  by  non-military  beneficiaries 
is  shown  in  Table  3.1-6;  the  details  are  in  Appendix  3.1-5  .  Also  shown  is  the 
distribution  of  active  duty  personnel.  The  best  fit  is  at  Malcolm  Grow  Air 
Force  Hospital,  where  the  raw  data  was  most  detailed. 

General  medicine  and  emergency  room  visits  have  been  shown  separately 
for  the  study  hospitals.  The  sum  of  these  percentages  approximates  the  percentage 
shown  for  H.I.P.  general  medicine.  At  some  stucty  hospitals,  the  emergency 
room  is  used  as  a  walk-in  clinic  by  the  non-military  beneficiaries  who  do  not 
wish  to  wait  for  an  appointment.  The  percentage  of  emergency  room  visits  for 
diseases  or  conditions  that  are  life-or-limb  threatening  has  been  estimated 
at  less  than  10  percent  of  emergency  room  visits  by  physicians  at  the  study 
hospitals.  In  the  Demand  Model,  the  fraction  of  general  medicine  visits  seen  in 
the  Emergency  Room  at  Malcolm  Grow  has  been  used  as  the  number  of  patients 
to  be  seen  at  a  walk-in  clinic. 

The  figures  on  potential  demand  have  been  inferred  from  a  variety  of 
sources  and  do  not  apply  to  any  particular  BLHC  System.  They  are,  however, 
the  best  possible  estimates  given  the  time  and  financial  limitations  of  the  study. 

Since  statistics  taken  from  overcrowded  facilities  will  lead  to  underestimation 
of  demand,  the  demand  on  a  BLHC  System  has  been  estimated  with  reference  to 
civilian  health  care  statistics.  Such  estimation,  however,  is  no  substitute 
for  actual  demand  statistics  on  the  population  served  by  a  BLHC  System.  At  present 
the  office  of  CHAMPUS,  through  its  subcontractors,  does  not  report  claims  by 
geographic  area  smaller  than  a  state.  These  records  if  sampled  to  estimate 
CHAMPUS  claims  by  county  or  oy  zip  code  and  by  beneficiary  t\pe,  can  provide  an 
estimate  of  the  demands  served  outside  a  particular  BLHC  System. 

If  planning  for  a  regional  and/or  specialty  center  is  also  required,  patient 
care  requirements  for  the  population  at  or  around  such  a  center,  are  predicted. 

Then  the  exogenous  demands,  such  as  transfers  in,  are  estimated  and  the  resulting 
patient  requirements  added.  These  same  demands  would,  of  course,  be  sub¬ 
tracted  from  the  demands  at  the  referring  hospitals. 

The  health  care  planner  may  be  bound  by  policies  made  at  a  higher  level. 
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The  fraction  of  each  beneficiary  category  to  be  served  may  be  restricted  to 
something  less  than  unity,  and  it  is  outside  the  scope  of  this  contract  to  determine 
whether  all  the  demand sof  the  non-military  beneficiaries  should  be  served  in 
the  BLHC  System.  Such  parameters  must  be  prescribed  by  DoD. 

Predicting  Patir»t  Care  Requirements 

Knowing  the  number  of  dispensary  visits,  outpatient  visits,  and  inpatient 
admissions  gives  some  information  to  the  system  designer,  but  not  enough. 

Patient  care  requirements  resulting  from  this  demand  must  be  predicted.  They 
may  be  derived  from  statistics  on  patients  treated  in  the  facility  itself  or  in 
similar  facilities,  updated  to  account  for  changes  in  medical  technology  or 
practice.  These  additional  requirements  are  bed  occupancy  by  level  of 
dependency  and  ancillary  usage.  The  average  level  of  dependency  gives  infor¬ 
mation  crucial  to  determining  staffing  and  support  requirements  for  inpatient 
care.  Ancillary  usage  is  split  into  the  components  due  to  inpatients  and  out¬ 
patients;  these  statistics  lay  the  foundation  for  sub-system  design. 

Since  the  activities  under  ward  management  absorb  a  large  fraction  of  the 
operating  costs  (fran  15  to  30%)  of  the  study  BLHC  Systems,  the  sequences  of 
care  for  inpatients  are  studied  in  detail.  In  addition  to  providing  raw  data  for 
aggregation  as  hard  numbers,  these  sequences  give  qualitative  information  to 
the  system  designer. 

Patient  Classification 

At  Beaufort  and  Jacksonville  Naval  Hospitals  data  on  level  of  dependency 
and  ancillary  usage  by  day  of  stay  were  collected  from  medical  records  selected 
at  random.  A  summary  of  the  data  collection  is  in  the  Data  Inventory  volume. 

The  computerized  sorting  and  tabulating  system  is  described  in  Appendix  3.1-6; 
the  detailed  reports  are  contained  in  the  microfiched  computer  printouts. 

To  show  that  these  random  samples  of  medical  records  accurately  reflect 
the  patient  mix  at  the  two  hospitals,  the  samples  can  be  compared  to  statistics 
on  overall  admissions  and  length  of  stay.  In  the  data  collection,  days  absent 
from  the  hospital,  such  as  on  leave,  were  noted.  They  are  not  counted  in  the 
statistical  reporting.  A  patient  was  considered  to  be  in  the  hospital  a  full  day 
on  the  day  of  admission  and  discharge. 

The  sample  at  Beaufort  Naval  Hospital  was  5  percent  of  the  total  admissions 
during  FY68.  The  population  and  admissions  for  each  category  of  beneficiaries 
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arc  shown  in  Table  3.1-7,  along  with  the  sample  composition.  The  percentages 
of  admissions  in  the  sample  correspond  remarkably  well  to  the  percentages  of 
actual  admissions.  The  sample  average  length  of  stay  (LOS)  for  military  per¬ 
sonnel,  calculated  at  29.9  days  compares  favorably  with  the  28  days  reported  by 
the  registrar.  The  average  LOS  for  all  patients  combined  in  the  sample  is  18.6 
days  as  compared  to  the  18  computed  from  data  pack  information.  These  checks 
show  that  the  sample  does  in  fact  accurately  represent  the  patient  mix  at 
Beaufort. 

The  sample  at  Jacksonville  Naval  Hospital  was  4.3  percent  of  the  admissions  in 
FYG8.  The  sample  and  actual  composition  of  admissions,  as  shown  in  Table 
3.1-8,  shows  a  greater  variation  than  does  the  Beaufort  sample,  but  within 
the  allowable  error  of  the  sample  size.  The  lengths  of  stay  by  beneficiary 
category  for  the  sample  and  actual  (as  determined  from  data  collection  at 
Jacksonville)  show  an  acceptable  variation. 

At  each  hospital  data  from  the  medical  record  was  coded  by  level  of 
dependency.  At  Beaufort  Naval  Hospital  physicians  presently  classify  patients 
other  than  infants  into  five  classes:  Class  V  (heavy  care),  Classes  u  and  IV 
(moderate  care),  and  Classes  I  and  n  (light  care).  Jacksonville  Naval  Hospital 
does  not  have  a  patient  classification  system.  The  criteria  used  at  Beaufort 
Naval  Hospital  as  determined  by  physician  interview  and  by  comparison  of  the 
medical  records  with  the  classification  were  modified  and  extended  for  use  on 
all  patients  at  Beaufort  and  were  carried  over  to  the  study  at  Jacksonville.  The 
methodology  for  classifying  patients  is: 

(l)  Intensive  or  ICU  care  was  noted  whenever  a  patient  was  transferred 

into  and  from  ICU  or  CCU,  or  in  the  case  of  newborns,  isolette  or  croupette. 

(2  )  Heavy  care  was  noted  whenever  any  of  the  following  conditions  were 
satisfied: 

•  Nursing  notes  indicated  the  patient  was  bedridden; 

•  Nursing  notes  indicated  respiratory  assistance  or  IV's; 

•  The  patient  was  admitted  bedridden  and  not  yet  been  noted  as  walking. 

(3 )  Moderate  care  was  noted  whenever  any  of  the  nursing  notes  indicated  the 

patient  had  begun  to  walk  and/or  had  bathroom  privileges,  but  had  not 
yet  satisfied  the  conditions  of  light  care.  All  newborns  were  considered 
to  be  receiving  moderate  care  unless  nursing  notes  indicated  otherwise. 
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BEAUFORT  NAVAL  HOSPITAL  SAMPLE  COMPOSITION 
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(4  )  Light  care  was  recorded  whenever  nursing  notes  indicated  the  patient 
had  been  sent  on  convalescent  leave,  assigned  a  task  within  the  hospital 
or  transferred  to  the  old  hospital. 

Table  3.1-9  summarizes  the  length  of  stay  and  average  level  of  dependency 
at  Beaufort  Naval  Hospital.  Infants  in  the  nursery  are  shown  separately.  Though 
the  length  of  stay  and  level  of  dependency  vary  with  disease  or  condition  and  age, 
the  difference  between  beneficiary  categories  is  most  important.  The  length 
of  stay  for  Parris  Island  recruits  was  36.6  days  of  which,  on  the  average,  21 
days  were  spent  in  light  care.  Other  active  duty  personnel  showed  a  similarly 
long  stay  in  light  care.  On  the  other  hand,  dependents  had  short  overall 
lengths  of  stay  and  spent  a  bmall  fraction  of  their  stays  in  light  care.  The  same 
information  for  Jacksonville  Naval  Hospital,  shown  in  Table  3.1-10,  shows 
the  same  distinction  between  active  duty  personnel  and  non-military  beneficiaries 
(there  are  no  recruits  at  Jacksonville) . 

Since  the  methodologies  for  collecting  and  tabulating  the  data  were  the 
same  for  both  hospitals,  the  analyses  of  level  of  dependency  can  be  combined. 

The  average  LOS  in  a  level  of  dependency  is  approximately  equal  to  the  total 
length  of  stay,  times  the  fraction  of  the  stay,  in  that  level  of  dependency.  The 
census  in  each  level  of  dependency  is  equal  to  the  average  daily  admissions 
times  the  following  figures: 


CENSUS  IN  LEVEL  OF  CARE  BY  AVERAGE  DAILY  ADMISSIONS 


Recr 

A  Duty 

Dep  Ad 

Retir 

Dep  Rt 

ICU 

0.366. 

0.2S5 

0.062 

.  ..0,354 

0.243 

HEAVY 

1.470 

0.834 

0.742 

5.840 

1.380 

MODCAR 

13. 600 

8.540 

5.190 

7.620 

6.400 

LIGHTC 

21.200 

19.700 

0.185 

3.900 

0.081 

Because  of  the  long  length  of  stay  of  military  personnel  in  light  care,  where  the 
patient  is  fully  ambulatory,  their  requirements  are  studied  in  more  detail.  In 

all  these  analyses,  days  not  spent  in  the  hospital  are  not  counted.  The  average 
length  of  stay  for  military  personnel  in  levels  of  dependency  other  than  light 
care  was  approximately  9.5  days.  The  average  and  median  length  of  uninter¬ 
rupted  light  care  immediately  preceding  discharge  was  calculated  for  Parris 
Island  recruits,  and  for  other  military  personnel,  and  adult  dependents  at  the 
two  hospitals: 
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SUMMARY  OF  LENGTH  OF  STAY  AND  LEVEL  OF  CARE  FROM 
BEAUFORT  NAVAL  HOSPITAL  INPATIENT  MEDICAL  RECORD  SURVEY 
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SUMMARY  OF  LENGTH  OF  STAY  AND  LEVEL  OF  CARE  FROM 
JACKSONVILLE,  N.H.  INPATIENT  MEDICAL  RECORD  SURVEY 
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Mean 

Medial. 

Parris  Island  Recruits,  no  surgery 

16 

10 

surgery 

22 

15 

All  other  military,  no  surgery 

5 

1 

surgery 

10 

7 

Adult  dependents,  no  surgery 

1 

0 

surgery 

1 

0 

From  the  detailed  computer  reports  the  major  disease  or  condition  cate¬ 
gories  in  which  the  length  of  stay  in  light  care  was  longest  are  shown  in  Table 
3.1-11.  Based  on  the  above  two  tables,  some  observations  are: 


<1)  Patients  who  underwent  surgery,  especially  recruits,  spend  more  time 
convalescing  in  the  hospital  than  aon-surgical  patients. 

(2)  Adult  dependents  spend  much  less  time  recuperating  in  the  hospital 
than  military  beneficiaries. 

( 3 )  Orthopedic  and  neuropsychiatric  patients  and  patients  hospitalized 
for  external  causes  and  injuries  stay  the  longest  in  light  care. 

The  disparity  of  the  length  of  stay  in  light  care  between  the  military  and 
non-military  beneficiaries  appears  to  be  due  to  the  following  causes: 

(1)  Military  patients  do  not  have  as  much  accessibility  to  family  care  at 
home  as  the  non-military  beneficiaries.  This  problem  is  particularly 
acute  in  the  Navy,  because  their  enlisted  men  marry  less  frequently 
than  those  in  the  other  two  services. 

(2)  Some  medical  treatments  require  extended  patient  stays,  for  example, 
observation  for  neuropsychiatric  disorders  and  orthopedic  therapy. 
More  military  than  non-military  beneficiaries  are  treated  for  these 
conditions  in  the  BLHCS. 

(3)  The  requirement  that  a  medical  board  determine  the  military  patientr* 
physical  and  mental  fitness  for  full  duty  creates  opportunities  for 
continued  stay  while  awaiting  medical  or  disposition  board  action. 

The  average  LOS  of  Air  Force  military  personnel  admitted  in  CONUS 
in  196S  was  12.5  days.  *  In  large  part  this  is  a  reflection  of  the  fact  that  home 
care  is  more  often  available.  They  also  have  a  lower  percentage  of  orthopedic 
cases  in  their  patient  mix  than  in  Beaufort  and  Jacksonville  Naval  Hospitals. 

♦Source:  Medical  Record  Summary  Sheets 
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Womack  and  Walson  Army  Hospitals  often  release  patients  trom  the  hospital 
into  a  Medical  Holding  Company,  which  may  not  reduce  the  length  of  time  absent 
from  duty  but  does  free  beds.  The  medical  necessity  for  light  care  and  oppor¬ 
tunities  for  more  efficient  discharge  procedures  have  not  been  studied  in  detail 
here.  These  results  do  indicate,  however,  that  these  two  areas  should  be 
studied  further  by  the  services. 

Sequence  of  Care 

The  sequence  of  inpatient  on  re  yields  information  on  the  patient  care  re¬ 
quirements  over  a  span  of  days  to  weeks.  This  short-term  information,  if 
continuously  updated,  provides  a  foundation  for  allocating  staff  to  the  different 
wards  and  ancillary  functions.  Retrospective  averages  provide  information 
for  the  system  designer.  For  military  personnel,  Figures  3.1-18  to  3.1-21 
exhibit  the  total  number  of  patients  and  levels  of  dependency  for  the  day  of 
admission  and  selected  days  thereafter.  The  military  personnel  show  a  steady 
transition  from  moderate  care  to  light  care  after  day  two.  For  those  patients 
who  underwent  surgery  the  data  suggest  that  the  day  of  admission  is  devoted 
to  pre-operative  tests.  The  non-military  beneficiaries,  not  shown  here,  show 
a  monotonic  transition  from  heavy  to  moderate  care  or  remain  in  moderate 
care  for  their  entire  stay.  Laboratory  and  radiology  requirements  peak  on 
the  day  of  admission,  remain  substantial  on  days  two  and  three,  and  decline 
to  low  levels  on  succeeding  days.  The  declining  levels  of  dependency  during 
the  stay  show  that: 

(1)  patient  nursing  care  requirements  can  be  satisfied  either  by  retaining  fixed 

ward  staffing  and  transferring  the  patient  to  another  ward  or  by  adjusting  the 
staff  levels  in  each  ward  to  suit  the  care  requirements  of  the  patients. 

(2  )  the  heavy  ancillary  usage  on  the  day  of  admission,  coupled  with  the 
high  level  of  dependency,  requires  that  the  ancillary  facilitiec  be 
fully  accessible  to  inpatients. 

Ancillary  Usage 

Ancillary  usage  is  defined  here  as  laboratory  usage,  radiology  room  usage, 
and  pharmacy  prescriptions.  Since  traffic  patterns  to  and  from  these  locations 
depend  on  whether  the  patient  is  an  inpatient  or  outpatient,  the  sources  of 
ancillary  usage  have  been  split  between  these  types  of  patients. 
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Fig.  3.  l"18-Levels  of  care  vs  time  after  admission  (non-surgical  military  excluding  recruits  and  Viet  Nam  related) 
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Fig.  3.1-19  -Levels  of  care  vs  time  after  admission  (surgical)  military  (excluding  recruits  and  Viet  Nam  related) 


o  o 


a 

u 


<0 

woo 
u  u 


w  o  <u  o 
u  u  w  O 
O  <0 
CJ  >-  u  w 

>  v  x 
r)  o  "D 

o  a  o  — 


—  x  r  -i 


iiii 


<  03  0  0 


>- 

o 


3.1-49 


0) 

L_ 


03 

(i>  (_)  0) 
i-  u 
03  0)  03 
*-  o  ^  u 


03  0J 


O  >.  t_  *_> 


>  03  -C 
D  0J  T3  Ol 
U  0)  O- 

-  x  r  j 


iiii 


<  CO  u  Q 


>* 

<D 

x: 


3.1-50 


> 

♦ 


The  inpatient  medical  records  collected  at  Beaufort  and  Jacksonville  show 
that  most  ancillary  usage  occurs  on  the  first  and  second  days  of  treatment. 

Though  these  records  allow  a  study  of  ancillary  usage  by  DOC,* beneficiary  type 
by  day  of  stay,  age,  and  sex,  the  number  of  records  in  the  sample  does  not 
justify  such  a  detailed  breakdown.  The  level  of  aggregation  chosen  here  is, 
therefore,  limited  to  ancillary  usage  by  beneficiary  type  per  admission.  The 
Beaufort/Jacksonville  data  on  ancillary  usage  is  in  Table  3.1-12.  More 
detailed  breakdowns  are  contained  in  microfiched  medical  statistical  reports 
Nos.  3  and  4. 

Table  3.1-13  indicates  the  number  of  X-rays,  lab  tests,  and  prescriptions 
resulting  from  a  request  for  ancillary  services.  Lab  chits  from  Walson  Army 
Hospital  were  analyzed  to  determine  lab  tests  per  request.  The  number  of 
X-ray  films  resulting  from  a  request  as  well  as  the  number  of  prescriptions 
per  admission  were  determined  via  interviews  of  qualified  personnel  at  the 
study  hospitals.  To  distinguish  the  number  of  fluoroscopic  X-ray  films  from 
the  number  of  other  X-ray  films,  expert  consultants  were  queried  both  on  the 
requests  per  admission  and  on  the  number  of  films  per  request.  For  out¬ 
patient  visits,  existing  records  did  not  allow  the  data  collection  to  determine 
ancillary  usage  either  by  beneficiary  type  or  by  clinic.  Requests  per  visit 
and  films  per  request  for  fluoroscopic  and  other  films  were  elicited  from  con¬ 
sultants.  Figures  for  prescriptions  and  lab  tests  per  visit  were  taken  from 
management  data  prepared  by  HQ  USAF  (AFMSHC)  for  FY67,  taken  from  man¬ 
agement  reports  RCS.TR  (AF)M-219  and  -220. 

These  ancillary  usage  data  have  been  assembled  to  demonstrate  that  the 
numbers  required  for  the  Demand  Model  can  be  found.  These  numbers,  however, 
should  be  refined  before  the  Demand  Model  is  applied  to  an  actual  BLHC  System. 

Estimating  Bed  Needs 

The  required  number  of  beds  in  a  facility  depends  both  on  the  average 
census  and  on  the  fluctuations  in  that  census.  If  the  fluctuations  are  wide,  then 
it  is  necessary  to  have  a  greater  number  of  beds  unoccupied  on  the  average 
to  ensure  the  availability  of  facilities  when  demand  is  high. 

Currently,  hospitals  have  been  designed  using  a  desired  bed  occuoancv 
rate  of  80  percent.  With  a  probability  approach,  the  chances  of  the  bed  oc¬ 
cupancy  reaching  the  number  of  active  operating  beds  (authorized)  is  set  at  a  suitably 
*  Disease  or  Condition 
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TABLE  3.1-12 


INPATIENT 

ANCILLARY 

REQUESTS 

PER  ADMISSION1 

Active 

Dep. 

Dep. 

Recruits 

Duty 

A.  D. 

Retired 

Retired 

2 

IIematology~ 

1.4 

1.4 

1.1 

4.4 

2.5 

U  1'ologv'® 

1.2 

1.2 

1.2 

2.1 

1.2 

Other 

1.3 

1.3 

0.9 

4.2 

2.7 

Radiology-  Major 

0.4 

0.4 

0.1 

0.7 

0.1 

Radiology -Minor^ 

0.G 

0.4 

0.4 

0.6 

0.4 

1.  Combined  Beaufort  and  Jacksonville  Naval  Hospital  Medical  Records 

2.  Any  test  or  combination  of  tests  noted  on  Standard  From  514-B,  including: 


a. 

White  Blood  Cells 

e. 

Red  Blood  Cells 

b. 

Differential  Count 

f. 

Hematocrit 

c. 

Platelets 

g. 

Hemoglobin 

d. 

Sedimentation  Rate 

h. 

Bleeding  Time 

i. 

Coagulation  Time 

Any  test  noted  on  Standard 

Form  514-A ,  including: 

a. 

Reaction 

d. 

Sugar 

b. 

Specific  Gravity 

e. 

Acetone 

c. 

Albumin 

f. 

Bile 

4.  Standard  chest  film(s). 

5.  Any  other  radiological  procedure. 
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TABLE  3.1-13 
ANCILLARY  USAGE 


INPATIENTS 

Requests 
per  Visit  on 
Admission 

Films/Tests 
per  Request 

Fluoroscopic 

o.i1 

101 

Other  X-ray 

0.G01 

O 

•>  r1 

3. 5 

3 

Lab  Tests 

4.5“ 

3 

Prescriptions 

8.01 

— 

OUTPATIENTS 

Fluoroscopic 

0.0051 

10> 

Other  X-ray 

0.131 

3.51 

Lab  Tests 

- 

O.G4 

Prescriptions 

0.91 

1.  Project  Consultants 

2.  Beaufort  and  Jacksonville  Medical  Records 

3.  Lab  chits  from  Walson  A.H. 

4.  Tests /Visit  USAF  Medical  Management  Data  Tables*  FY67. 
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low  figure.  The  method  is  to  find  the  statistics  of  bod  occupancy  and  to  detcr- 
niino  the  desired  probability  that  occupied  Iteds  will  not  exceed  the  o|>e  rating 
IkmIs.  From  the  statistics  come  the  corres|>onding  number  of  operating  beds. 

Then  statements  arc  made  about  the  fluctuations  in  demand  for  beds  under 
the  assumption  that  requests  for  admissions  are  inde|x?ndent  of  each  other  and 
occur  at  some  average  rate  X  admis3lons/day  (Poisson  distribution).  Though  it 
is  possible  to  distinguish  between  elective  ami  emergency  admissions  for  pur¬ 
ines  of  scheduling, 1  fluctuations  in  census  arc  studied  under  the  assumption 
that  admissions  are  either  accepted  or  referred  elsewhere. 

The  overall  model  for  studying  fluctuations  in  census  is  that  of  a  stream 
of  patients  for  whom  admission  is  requested  arriving  independently  of  each 
other  at  some  average  rate.  The  hospital  is  modeled  as  having  an  infinite 
number  of  Ixxls  and  the  statistics  of  the  occupied  beds  are  sought.  Though 
no  hospital  has  an  infinite  number  of  beds,  the  number  of  operating  beds  is 
usually  sufficiently  greater  than  the  average  census,  so  that  the  tail  of  the 
distribution  of  occupied  I>cds  can  be  conveniently  approximated  with  this 
assumpt  ion. 

The  next  inqiortnnt  statistical  quantity  is  the  length  of  stay  within  the 
hospital.  The  length  of  stay  is  a  random  quantity,  which  can  be  statistically 
characterized.  A  convenient  simplifying  assumption  is  that  the  distribution 
of  length  of  stay  is  a  negative  exponential ,/l*  .  Using  this  assumption  the 

number  of  occupied  beds  can  be  analyzed  by  the  method  of  bittth-and-death 
processes  in  queueing  theory  to  yield  2> 3  the  distribution  of  the  number  of 
occupied  l>cds  in  the  steady  state  by  a  Poisson  distribution  Probability  (n  beds 
occupied)  =  €  m  when  m  the  average  census.  Such  a  result  has 

been  widely  used  previously4  as  a  basis  for  determining  the  number  of  hospital 
beds  for  a  facility. 

What  is  not  widely  known  is  that  the  assumption  of  negative  exponential 
sendee  time  can  be  relaxed  if  the  time  axis  is  discretized.  Consider  time 

1  Young,  J.P.  "Stabilization  of  Inpatient  Bed  Occupancy  Through  Control 
of  Admissions,"  Hospitals,  J.A.H.A.,  Volume  39,  No.  19  (1965). 

O 

“Feller,  W.  An  Introduction  to  Probability  Theory  and  Its  Applications. 

3rd  cd.,  Vol.  I,  John  Wiley  &  Sons,  New  York,  1968,  pp.  469-461. 

’’Parzcr,  E.  Stochastic  Processes,  Holdcn-Day  Co. ,  New  York,  1962. 

hlosenthal,  G.D.  ’The  Demand  for  General  Hospital  Facilities,"  Hospital 
Monograph  Series  No.  14,  American  Hospital  Association,  Chicago,  1964. 
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measured  by  non-zero  intervals,  for  example,  by  days.  Patients  are  assumed 
to  be  in  the  hospital  during  the  entire  interval.  As  before,  the  number  of 
requests  for  admission  within  a  time  period  is  considered  to  be  Poisson  - 
distributed  with  average  number  X /period.  The  distribution  of  length  of  stay  is 
assumed  to  be  zero  after  some  finite  number  n  of  time  periods,  but  may  be 
otherwise  arbitrary.  Then  by  using  moment-generating  techniques  it  can  lx; 
shownJ  that  the  distribution  of  the  number  of  patients  occupying  beds  during 
a  time  interval  is  Poisson  distributed  with  average  length  of  slay  m  given  by 

»>  =  a  sTa- 

tsO 

where  Fs  (i)  is  the  probability  of  staying  less  than  or  equal  to  i  time  periods 
(cumulative  distribution  function).  This  result  shows  that  the  Poisson  distri¬ 
bution  for  census  has  more  generality  than  previously  realized,  and  in  part¬ 
icular  may  be  used  for  a  nearly  arbitrary  distribution  of  length  of  stay. 

It  is  significant  to  compare  the  number  ol  beds  computed  by  this  method 
with  the  80%  occupancy  rate  rule.  The  variance  of  the  Poisson  distribution 
is  such  that  the  higher  the  average  census,  the  less,  relatively  speaking,  the 
fluctuations  in  census.  Figure  3.1-22  plots  the  number  of  operating  beds  as 
a  function  cf  average  census  for  the  80%  occupancy  and  for  probability  0.99 
(99%  confidence  level)  and  .999  that  the  demand  for  beds  docs  not  exceed  the 
operating  beds.  From  this  graph  it  can  be  seen  that  for  an  average  census 
greater  than  100,  the  80%  occupancy  rate  lead:,  to  an  oversized  facility.  Con¬ 
versely  for  fewer  than  100  beds,  the  80%  rule  results  in  an  undersized  facility. 
The  cross-over  number  will  vary  depending  on  the  confidence  level  chosen;  foi 
a  99.9%  confidence  level  it  is  an  average  census  of  150. 

The  result  is  applied  in  determining  the  number  of  operating  beds  for 
each  level  of  dependency.  The  designer  sets  the  highest  confidence  level  for 
beds  in  the  highest  level  of  dependency,  for  example  the  ICU,  with  successively 
lower  probabilities  for  the  lower  care  levels.6 

In  existing  BLHC  Systems,  the  census  averaged  by  month,  shows  a  yearly 
cycle  due  to  the  influx  of  admissions  for  upper  respiratory  Infections  (URI) 

^Avi-itzhak,  B.,  Benn,  B.A.,  and  Powell,  B.A.  "Car  Pool  Systems  in 
Railroad  Transportation;  Mathematical  Models,"  Management  Science,  Vol.  13 
No.  9,  May  1967,  pp.  694-711. 

6Flagle,  C.D.  et.  al.  'The  Progressive  Patient  Care  Hospital,"  U.S. 
Public  Health  Service,  Dept.  Health,  Education,  and  Welfare,  Pub.  No.  930-C-2 
Washington,  D.C.,  1963. 
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1000 


N,  average  census 


Fig.  3. 1-22— operating  beds  vs  average  census  N  for  80%  occupancy  (o), 
99%  confidence  level  (o)  and  99. 9%  confidence  level  (a) 


from  January  through  March.  At  Walson  Army  Hospital,  the  yearly  variation 
in  URI  admissions  is  three  times  greater  than  the  variation  for  all  other 
admissions.  A  similar  disparity  in  yearly  variation  is  true  for  the  Air  Force 
(Biostatistical  Report,  1967).  Since  URI  patients  typically  receive  only  light 
care,  the  comparison  shows  that  this  probability  method  may  be  applied 
straightforwardly  to  the  areas  designated  for  the  higher  levels  of  dependency. 

The  areas  devoted  to  light  care  must  be  sized  with  the  yearly  variation  in  URI 
admissions  included. 

CONCLUSIONS 

The  planning  problem  addressed  in  this  chapter  is  that  of  determining 
the  patient  care  requirements  at  a  BLHC  System.  Two  alternatives  have  been 
assessed  on  the  basis  of  prediction,  rationality,  and  feasibility. 

The  method  of  historical  workload  allows  saturated  health  care  facilities 
to  perpetuate  themselves  as  such.  The  comparison  of  demand  ratios  at  the  study 
hospitals  with  corresponding  statistics  from  other  health  care  systems  and 
CHAMPUS  shows  that  the  BLHC  System  does  not  entirely  serve  the  demands 
of  the  non-military  beneficiaries.  While  this  result  may  be  partially  explained 
by  existing  DoD  instructions  or  by  constraints  on  funding,  it  does  indicate  unmet 
demands  and  by  inference,  unmet  health  care  needs. 

As  a  method  of  determining  patient  care  requirements  based  on  population 
projections,  the  Demand  Model  is  superior  to  historical  workload  on  the  grounds 
of  prediction  and  rationality.  The  numbers  generated  from  the  data  that  were 
made  available  demonstrate  the  feasibility  of  the  Demand  Model. 

The  Demand  Model  begins  with  demography  of  a  base's  mission,  regional 
factors,  and  a  projection  of  beneficiary  populations.  For  inpatients,  the  output 
is  admissions,  census  in  each  level  of  dependency,  and  ancillary  usage;  for 
outpatients,  it  is  visits  by  major  specialty  clinic  and  ancillary  usage. 

At  its  present  state  of  development,  the  more  aggregated  numbers 
have  wider  immediate  applicability  than  the  detailed  numbers.  Existing  sources 
of  data  on  BLHCS  populations  have  been  shown.  Reporting  or  sampling  of 
CHAMPUS  claims  by  small  geographic  areas  will  also  allow  determination  of 
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unmet  health  care  demands  of  the  non-military  beneficiaries.  To  further  refine 
the  Dcmanl  Model,  data  collection  in  existing  BLIIC  Systems  should  be  undertaken 
to  improve  the  present  number,  ami  extend  the  structure  to  show  ancillary  usage 
by  level  oT  dependency  and  In  specialty  clinic  visit. 

In  applying  the  Demand  Model  to  a  specific  BLIIC  System,  data  must  be 
collected  on  patient  dependency,  clinic  distribution,  and  ancillary  usage  to  dis¬ 
cover  the  details  of  medical  practice  for  that  facility.  Moreover,  before  the  Demand 
Model  Is  applied  to  specific  BLIIC  Systems,  the  traction  of  the  potential 
non-militmn  beneficiary  demand  that  the  Department  of  Defense  wishes  the 
UUICS  to  serve,  must  ho  determined.  Special  demands,  such  as  AeroVae  holding 

and  transfers,  are  added  into  the  demands  from  the  population  at  and  around  the 
III, IIC  System. 

The  Demand  Model  appears  equally  applicable  to  planning  for  regional 
or  specialized  health  care  facilities.  In  this  ease,  the  amount  and  typesQf 
demands  falling  within  the  scope  of  the  center  are  determined  by  the 

health  care  planner.  For  each  type  of  demand,  the  inpatient,  outpatient,  and 
ancillary  patient  care  requirements  are  determined  from  studies  of  existing 
facilities  as  ratios  in  the  tree  structure  shown  on  page  3.1-29.  The  Demand 
Model  then  operates  on  the  amount  of  each  type  of  demand  to  arrive  at  the 
overall  patient  care  requirements. 

In  summary,  the  Demand  Model  has  been  shown  as  a  feasible  and 
superior  alternative  method  for  planning  In  a  BLIIC  System,  For  an  entirely 
new  III. IIC  System,  the  Demand  Model  allows  by  simple  computations  a  pre¬ 
diction  of  the  patient  care  requirements  from  a  base's  mission  and  projected 
population.  In  the  more  common  case  of  a  proposed  expansion  of  a  BLiiC  System, 
methods  to  better  define  the  population  at  a  BLIIC  System  have  been  shown  and 
the  demands  not  met  at  the  BLIIC  System  may  be  determined.  Once  a  decision 
has  been  made  as  to  the  fraction  of  each  beneficiary  category  to  be  served,  the 
same  computations  are  used  to  arrive  at  the  predicted  patient  care  requirements. 
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RECOMMENDATIONS 


RECOMMENDATION 

(1)  Replace  historical  workload  as  the 
basis  for  planning  by  a  method 
based  on  population: 

(  -)  Refine  Westinghouse  Demand  Model: 

(3)  Utilize  and  investigate  existing  data 
sources  to  determine  imputation 
around  a  BLIIC  System: 

(4)  Require  the  subcontractors  to 
CliAMPUS  to  report  on  request 
CliAMPUS  claims  by  zipcode 

SHORT  TERM  R&D  (CIS  MONTHS) 
TASK 

(1)  Collect  and  analyze  more  data  on 
ancillary  usage,  by  level  of  depend¬ 
ency  and  by  specialty  outpatient 
clinic; 

(2)  Investigate  the  medical  and  admini¬ 
strative  features  of  light  care: 

(3)  Conduct  sampling  to  determine  age- 
sex  breakdown  of  non-military 
beneficiaries  in  BLHC  Systems; 

(4)  Investigate  ln-dcpth  data  sources  for 
finding  population  around  a  BLHC 
System ; 

(5)  Large  scale  sampling  of  medical 
records  to  determine  patient  care 
and  health  care  requirements  by 
major  disease  or  condition  as  well 
as  by  beneficiary  type; 


OBJECTIVE 

Better  prediction  of  patient  and 
health  care  requirements: 

Better  tool  for  predicting  patient 
and  health  care  requirements: 

Utilize  additional  sources  of  data 
available  and  improve  data  for 
planning  on  the  basis  of  imputation: 
Determine  unmet  health  care  demands 
around  a  BLHC  System. 


OBJECTIVE 

Better  numbers  for  the  Demand  Model, 
and  more  detailed  structure; 

Better  definitions  of  organization 
and  facilities  for  active  duty  military; 
Determine  variation  in  age-sex  break 
downs  and  facilitate  comparison  of 
utilization  with  civilian  health  care 
systems; 

More  definite  input  to  Demand  Model: 

Extend  applicability  of  Demand  Model 
to  regional  planning: 
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(fi)  Sampling  of  patients  ami  interview  of 
physicians  to  det«  inline  criteria  for 
schedul  ihility 

(7)  1  mplementation  on  •  trial  lusis  ot 
predicting  short  term  (1  week  or 
less)  patient  care  requirements. 

(*<)  Organization  and  functional  structure 
of  01*1) 


LONG-TERM  R&I)  (>  18  MONTHS) 

(1)  Study  means  of  implementing  total 
health  care  record  —  inpatient  and 
outpatient  combined. 


Improved  ability  to  schedule  while 
meeting  patient  care  requirements; 

Improved  utilization  and  staff  scheduling 
within  the  facility. 

Inverse  throughput,  output  and  opera¬ 
tional  effectiveness  of  staff,  services 
and  facilities. 


Permit  following  sequences  of  care 
on  a  sample  basis  to  suggest  improve¬ 
ments  in  medical  practice. 
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3.2  Systems  Design  Concepts 


INTRODUCTION 

The  Westinghouse  consortium  has  generated  a  new  design  logic  which  is 
responsive  to  the  needs  of  the  DoD  in  design construction  and  operation  of  BLHC  Systems. 
This  logic  is  based  on  a  systems  analysis  of  the  BLHC  System  developed  against 
a  background  of  intense  interaction  with  all  the  multi-disciplinary  professions 
represented  in  the  consortium.  The  group  developed  a  sound  understanding  of 
the  overall  medical,  planning,  and  operational  needs  of  both  the  BLHC  System 
and  civilian  systems  when,  as  part  of  the  analysis,  they  helped  to  characterize 
the  existing  BLHC  System  as  well  as  generate  a  portion  of  the  state-of-the-art 
survey. 

TKC11NICAL  APPROACH 

The  technical  approach  for  the  development  of  the  design  concept  task 
focused  on  fulfilling  the  following  specific  objectives  for  the  DoD: 

(1)  Define  the  optimal  BLHCS  configuration  and  supporting  systems  for 
a  given  beneficiary  population,  mission,  and  geographic  location. 

(2)  Project  the  performance  requirements  for  the  system  in  terms  of 
life  eycle  changes  in  demands  and  operational  requirements;  define 
the  capabilities  and  flexibility  required  to  permit  response  to 
changing  demands. 

(3)  Identify  the  most  effective  functional  organization  for  the  BLHC 
System  components  in  terms  of  horizontal  and  vertical  interre¬ 
lationships  for  the  optimal  configuration  adjacencies. 

(4)  Determine  the  character! sties  and  support  systems  required  within 
the  sub-system  components  to  accept  the  day-to-day  operational 
variables  in  terms  of  loading  and  levels  of  patient  dependency  and 
to  be  capable  of  responding  to  changing  life  eyele  demands. 


3.2-1 


(a)  Illustrate  and  apply  state  of  the  art  technology  concepts  to  the  BLHCS 
requirements  to  generate  improved  life  cycle  capabilities  at  reduced 
life  cycle  costs. 

These  results  provide  the  framework  towards  implementing  the  next  step 
of  designing,  constructing  and  operating  the  "New  Generation  of  Military  Hospitals"  for  a 
specific  base  location. 

The  general  steps  in  the  technical  approach  parallel  the  other  study  tasks 
and  include: 

(1)  BLHC  System  characterization 

•  Operational  and  functional  characteristics 

•  Sensitivities 

•  Problems 

(2)  Improvement  analysis  and  general  »  'Sign  concepts 

•  Criteria  for  improvements 

•  Illustration  of  objectives 

•  Results  and  conclusions 

(3)  Improvement  recommendations  and  design  concept  application 

•  Application  and  evaluation  of  results 

•  Sensitivity  analysis 

•  Recommendations, 

The  design  methodology  and  analytical  tools  for  planning  BLHC  Systems  are 
general  enough  to  absorb  the  broadest  set  of  variables.  The  organization  and 
components  of  the  BLHC  System  must  be  decomposed  to  permit  simultaneous 
analysis  of  the  system’s  elements  at  all  levels  of  activity  for  both  functional 
and  physical  implications.  The  BLHC  System  was  characterized  for  analysis 
as  follows: 

(1)  The  Functional  Systems  include  all  the  activities  relating  to  inpatient 
and  ambulatory  patient  care,  as  well  as  clinic  and  service  support. 

(2)  The  Audit  Trail  for  definition  of  requirements  leads  from  the  gross 
resource  description  (Macro)  of  the  demand  model  output  to  the 
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actual  space  and  environmental  requirements  for  the  unit  of  activity, 
such  as  the  patient  capsule  and  the  physicians'  work  station  in  the 
clinics  (Micro). 

(3)  The  Physical  Systems  include  the  movement  and  communications 
elements,  the  adjacency  organization  of  BLIIC  components,  and  the 
physical  suoport  systems  which  become  organizing  elements  for  the 
overall  BLHC  Systems,  as  well  as  the  smaller  scales  of  activity. 

(4)  The  Macro  System  represents  the  system's  aggregation  into  its 
major  organizational  components  and  permits  the  manipulation  of 
these  components  into  alternative  organizations  for  evaluation. 

(5)  The  Micro  System  represents  the  individual  units  of  activity  aggregated 
into  their  functional  elements  and  related  to  the  movement  and 
communications  of  the  BLHC  System. 

The  methodology  permits  the  analysis  of  any  part  of  the  BLHC  System  to 
the  level  of  detail  indicated  within  this  interrelated  framework.  The  analysis 
was,  in  fact,  focused  on  those  components  and  activities  identified  as  problem 
areas  in  the  data  gathering  effort  and  where  potential  improvements  could  be 
realized  within  the  project  cost/benefit  framework. 

BLHC  SYSTEM  CHARACTERIZATION 

The  overall  character  of  the  BLHCS  has  already  been  described  in  the 
introduction  to  the  analysis.  Further  refinements  of  this  characterization, 
however,  are  required  in  those  areas  of  medical  practice,  state-of-the-art, 
and  operations  which  specifically  impact  on  design  and  construction.  The  major 
data  sources  for  the  Dataiiatheriog  and  Work  Sampling  Study  Teams  were: 

(1)  On-site  visits  to  primary  and  secondary  BLHC  Systems  as  well  as 
civilian  hospitals; 

(2)  Discussions  and  working  sessions  with  other  members  of  the  consortium; 

(3)  State-of-the-art  surveys. 
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The  Medical  He alth  Care  Team  Report  and  Health  Care  Trends 

The  Medical  Health  Care  Review  Team  report  discusses  the  facility 
observed  in  the  three  primary  study  hospitals  (Beaufort,  Andrews,  Fort  Dix). 
Because  these  BLIIC  Systems  are  ten  to  twenty  years  old,  Team  findings  were 
supplemented  by  on-site  visits  of  the  newest  BLHC  Systems.  Most  of  the 
specific  facilities  recommendations  of  the  Medical  Health  Care  Review  Team 
are  Incorporated  as  elements  of  the  configuration  improvement  concept; 
these  will  be  highlighted  in  the  systems  application  sections. 

In  addition  to  the  Team  recommendations,  expert  consultants  through¬ 
out  the  country  gave  their  opinions  of  future  trends  in  their  fields  in  an  attempt 
to  determine  the  following: 

(1)  New  services  which  might  be  required  from  the  BLHC  System. 

(2)  Services  which  might  be  eliminated  due  to  medical  advancements. 

(3)  Changes  in  practices  and  techniques  in  procedures  such  as  surgery 
and  radiology. 

(4)  Technology  changes  in  laboratory  tests  and  requirements  for  new 
tests. 

(5)  Changes  of  management  and  staffing  patterns  including  new  health 
professional  and  technical  personnel. 

The  resulting  trends  were  arrayed  by  their  impending  impact  on  the  BLHC  System 
by  1972,  1975,  or  1980,  and  by  their  impact  on  the  various  activities,  including 
inpatient,  ambulatory,  clinical  support,  and  service  support.  The  following 
list  of  trends  has  direct  impact  on  planning,  design,  and  future  dynamics  of 
the  BLHC  Systems: 

1972  1975  1980 

(1)  Graduated  care  within  nursing  unit.  X 

(2)  Greater  use  of  ward  secretaries  as 

ward  managers .  X 
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1972 


1975 


1980 


(3)  Triage  as  tic  point  of  entry  into 

the  health  care  system;  OPD  becomes 
the  diagnostic  and  referral  center.  X 

(4)  Increased  use  of  ambulatory  care 
centers  inside  and  outside  the 

composite  facility.  X 

(5)  Outpatient  surgery.  X 

(fi )  Use  of  disposable  surgical  operating 

units. 

(7)  Development  of  automatic  X-ray 
equipment  (setting  of  controls  and 
exposure  time). 

(8)  Use  of  remote  control  fluoroscope 
equipment. 

(9)  Stapling  in  place  of  sutures  to  speed 
up  surgical  procedures  (some  by  50 
percent). 

(10)  Increased  patient  education  (preven¬ 
tive  medicine)  in  waiting  rooms  and 
elsewhere. 

(11)  Availability  of  new  vaccines  eliminating 
mumps,  measles,  and  meningitis. 

(12)  Increased  longevity  due  to  heart  valves 
and  other  technology  (pacer  implants, 
dialysis,  etc.)  with  need  for  new  services. 

(13)  Multiphasic  testing  directed  toward  special 
age  groups  or  possible  disease  conditions. 

(14)  Centralized  medical  records  storage  for 
data  such  as  admissions  and  abstracts. 


X 


X 

X 


X 


X 


X 

X 

X 

X 
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1972  1975  1980 

(1  '»)  Computerized  branching,  automated 
techniques  In  clinical  laboratory 
leading  to  logical  surveillance  of 

tests  being  automatically  |x?rformcd.  X 

Since  the  trends  related  to  1972-75  affeet  the  BLiiCS  design  directly,  the 
Medical  Team  evaluated  their  appropriateness  for  BLiiCS  application.  The 
trends  in  the  1975-80  time  frame  relate  primarily  to  future  guidelines  and 
criteria  for  design.  For  example,  u  significant  reduction  of  time  per  surgical 
procedure  has  a  direct  impact  on  the  number  of  suites  for  a  given  size  System. 
Degrees  of  automation  in  clinical  laboratories  will  affect  the  size  and  equipment 
of  future  laboratory  design.  Identification  of  these  trends  allowed  the  Design 
Team  to  consider  the  implications  of  these  changes  and  to  ensure  that  the  entire 
system  (or  major  elements)  will  be  responsive  to  these  changes. 

After  the  data  and  the  linkages  were  understood  and  quantified,  the  system 
was  simulated  as  a  function  of  time  to  reflect  new  demand  dynamics,  changed 
utilization  policies,  or  changed  health  care  trends.  For  example,  changing 
health  care  trends  and  utilizations  can  be  illustrated  in  the  life  cycle  of  the 
older  BLIIC  Systems.  Outpatient  departments  are  traditionally  ancillary 
services  within  a  hierarchical  health  care  system  oriented  to  inpatient  care. 
Current  BLHC  Systems  reflect  the  trp’-d  toward  increased  ambulatory  service 
demands  (Figure  3.2-1).  Future  systems  (Figure  3.2-2)  will  reinforce  this 
trend  with  the  availability  of  increased  diagnostic  and  treatment  services,  such 
as  outpatient  surgery  and  the  introduction  of  preventive  medicine  or  family 
clinics  for  civilian  components  of  the  beneficiary  population, 

BLHC  Study  Team  Data 

Data  elements  developed  for  the  three  sizes  of  BLHC  Systems  include: 

(1)  Patient  Flow 

•  Into  the  system  (scheduled,  unscheduled) 

•  Through  the  system  (sensitive,  non-sensitive) 
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Figure  3.2-2  -  BLHC  Configuration  Alternatives,  Figure  3.2-1  -  BLHC  Configuration  Alternatives 

Future  Ratio  IPD-OPD  Traditional  Ratio  IPD-OPD 


(2)  Staff  I  low 


•  Physician 

•  Nurse 

•  Para  modi  cal 

(3)  Communication:;  Flow 

•  Volume  (per  day,  per  month) 

•  Nature  (patient  care,  administrative,  housekeeping) 

•  Origin  destination 

•  Frgeney  (patient  care  urgent,  im|H>rtant,  routine) 

•  Mode  flmnd -carried,  telephone,  otiier) 

(I)  Materiel  Flow 

•  Itequirements  (In-  department,  by  volume) 

•  Frequency  (scheduled,  unscheduled) 

•  Time  of  day 

These  flows  represent  the  major  activities  and  dynamics  of  the  operation 
of  the  1JL11C  System.  The  ability  to  quantify  these  flows  enables  the  designer 
to  analyze  the  linkage  interrelationships  and  assign  the  appropriate  performance 
characteristics  to  each  link.  The  next  step  in  the  process  aims  at  improved 
adjacency  relationships  and  operational  characteristics.  Potential  demand 
changes  and  svstein  sensitivity  can  then  De  evaluated  in  terms  of  potential  demand, 
dynamics,  and  changing  utilization  policies  or  health  care  trends. 

Patient  10  n  try 

Hie  II IdlC  System  can  be  defined  as  the  demand/ resources  interface 
where  health  care  demands  of  the  beneficiary  population  are  served  by  the 
BUIC  resources  (Figure  3.2-3).  The  most  important  element  in  the  BLHC 
System  is  the  patient  flow  into  and  through  the  system.  The  entry  of  the  patient 
triggers  the  application  of  system  resources  including  equipment,  staff,  facilities, 
and  management,  i’ach  patient  entry  results  in  demand  for -a  sequence  of  care; 
this  care  varies  according  to  the  level  of  patient  dependency. 


3.2-8 


Figure  3.2-4  relates  patient  entry  and  condition  to  the  specific  facility 
elements  of  the  BLHC  System.  By  assigning  patient  data  to  each  branch  of  the 
decision  tree,  overloads  and  misuse  of  specific  elements  of  the  system  can  be 
identified.  Further  data  analysis  indicates  the  ability  of  the  system  to  be 
scheduled  and  regulated  if  the  appropriate  level  of  resources  match  the  health 
care  demand  generated  by  the  beneficiary  population.  However,  in  the  absence 
of  resources  to  meet  the  demand,  scheduling  restrains  the  system  and  is  cir- 
cumvc  nted  by  the  non-schedulcd  entry  of  patients  into  the  emergency  or  walk-in 
clinics.  This  place**  the  primary  demand  on  sorting  functions  with  further  un¬ 
scheduled  impact  on  the  treatment  and  diagnostic  activities. 

Figure  3. 2-5  illustrates  the  entry  of  the  beneficiary  [  pulation  into  the 
BLHC 3.  This  diagram  directly  relates  to  the  capabilities  and  input/output  functions 
of  the  Westinghouse  Demand  Model  by  which  any  specific  BLHC  System  can  be 
modeled  given  the  base  mission  and  beneficiary  population.  The  input /output 
function  defines  where  patients  enter  the  system:  that  is,  to  ambulatory  services 
or  to  the  various  inpatient  levels.  Based  on  these  data  the  demand  on  the  ancillary 
services  (diagnostic  and  treatment  facilities)  such  as  Radiology,  Clinical  Labora¬ 
tory,  and  Surgery  can  be  defined  in  numbers  of  procedures  and  tests  by  inpatients 
and  outpatients.  To  further  characterize  system  needs,  these  services  can  also 
be  expressed  as  demand  by  type  and  frequency  of  patient  care  episodes. 

The  flows  within  the  BLHC  System  are  further  analyzed  to  show  patterns 
of  interaction  between  departments  and  resources.  The  data  gathering  effort 
has  provided  the  following  information: 

(1)  Ambulatory  inpatient  admissions 

(2)  Ambulatory  inpatient  flow 

(3)  Emergency  admissions 

(4)  Inpatient  flow  of  a  sensitive  or  urgent  nature 

(5)  Inpatient  flow  as  a  function  of  patient  care  sequence  from  intensive 
to  light  care. 
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Figure  3.2-3  -  Base  Level  Health  Care  System  (BLHCS)  Definition 


3.2-10 


Figure  3.2-4  -  Decisions  and  Facilities  in  BLHC  System 
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Kadi  ol  these  flews  generates  requirements  for  functional  relationships 
and  the  availability  of  resources  and  services  at  each  functional  location.  Tlu 
degree  of  urgency  with  which  tlie  patient  und  resources  must  be  brought  together 
ire  the  factors  which  influence  the  response  at  the  functional  levels.  The  organization 
and  functional  relationships  of  the  flow  of  staff,  communications,  and  materiel 
define  the  primary  zones  of  activity  for  the  Itl.llC  System. 

These  zones  relate  to  the  patient  care  and  service  activities  as  follows: 

(11  The  ambulatory  zone  contains  all  elements  of  ambulatory  services 
for  outpatients,  tlie  diagnostic  and  sup|>ort  services  which  serve 
both  inpatient  and  outpatients,  and  the  Kmcrgcney  Department. 

(2)  The  medical  professional  /.one  contains  areas  requiring  the  most 
complex  technology  for  patient  care  areas  such  as  Surgery,  Delivery, 
Intensive  Care,  Coronary  Care, Nursery,  as  well  as  elements  of 
professional  administration  and  Education  and  Training. 

(3)  The  Inpatient  zone  is  defined  by  levels  of  inpatient  care  from  acute 
and  heavy  to  light  care. 

(4)  The  service  zone  houses  the  sup|x>rt  elements  such  as  Dietary ,  Ware¬ 
housing,  and  Housekeeping. 

(5)  The  mechanical  zone  contains  the  major  mechanical  services  required 
to  maintain  the  BL1IC  System. 

In  Figures  3»2-(>  through  3.2-8,  the  inpatient  flow  patterns  of  the  three 
primary  study  BLHC  Systems  reflect  the  flows  Into  the  functional  areas  of  the 
various  zones.  The  patient  flow  volumes  represent  annual  flows  between  zones. 

These  data  can  be  readily  interpreted  into  appropriate  units  of  time  (per  clay,  time 
per  day,  time  of  day),  which,  for  example,  can  be  related  to  queuing  In  the 
Radiology  Department  and  the  specialty  clinics,  vertical  transportation  require¬ 
ments  for  ambulatory  inpatients  at  meal  time,  and  the  sensitive  patient  flows 
from  the  Inpatient  zone  to  surgery. 

The  diagrams  illustrate  a  unique  system  characteristic  in  which  a  large 
ambulatory  Inpatient  flow  to  dietary  and  treatment  facilities  places  a  significant 
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FIGURE  3.2-6.  INPATIENT  FLOW,  BEAUFORT 
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Figure  3.2-7  —  Inpatient  Flow,  Andrews  AFB 
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demand  on  the  vertical  transportation  capability.  Since  the  patient  goes  to  the 
service  instead  of  service  being  brought  to  the  patient,  a  tradeoff  results  in  the 
materiel  handling  requirements.  However,  the  character  of  the  system  can 
change  during  its  life  cycle;  Malcolm  Grow  Hospital,  for  example,  has  a  more 
acute  inpatient  population  with  a  correspondingly  lower  inpatient  ambulatory 
flow.  Design,  therefore,  must  be  capable  of  responding  to  such  changes  in 
life  cycle  characteristics. 

The  first  steps  toward  the  new  organizational  logic  for  the  improved  BLHC 
Systems  design  are. 

(1)  Structuring  data  into  redefined  major  zones. 

(2)  Relating  vertical  and  horizontal  adjacency  relationships  of  the 
functional  areas  to  flows. 

Staff  Flow 

The  staff  flow  data  were  used  to  refine  the  discrete  adjacency  relation¬ 
ships  of  the  functional  elements  of  the  BLHC  System.  These  data  also  related 
directly  to  communications  flow,  since  the  BLHC  Systems  studied  primarily 
used  hand-carried  communications,  which  create  staff  flow  requirements. 

Staff  flow  data,  by  type  of  staff,  were  based  on  work  sampling  and  observations 
in  the  primary  study  hospital.  Detailed  movements  of  each  type  of  staff  were 
noted  to  and  from  each  major  functional  area  and  were  refined  to  develop  move¬ 
ment  data  within  the  elements.  Technology,  as  a  function  of  time,  was  further 
superimposed  on  the  patterns  of  staff  movement.  Information  transmission 
through  various  electronic  media  should  reduce  much  of  the  volume  staff  flow, 
and  adjacency  relationships  derived  from  the  present  staff  flow  patterns  may 
not  need  to  be  fixed  throughout  the  life  cycle  of  the  BLHC  System.  However, 
the  activities  zones  within  which  the  movement  of  highly  skilled  personnel  can 
be  optimized  will  remain  constant. 
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Communications  Flow 


To  characterize  all  important  communication  flows  in  the  BLHC  System, 
data  were  generated  on  the  following: 

(1)  Origin  and  destination 

(2)  Mode  of  communications 

(3)  Urgency 

(4)  Purpose 

(15)  Value  and  cost . 

These  data  were  arrayed  in  several  forms;  themost  valuable  for  design 
is  illustrated  in  Figure  3.2-9.  This  diagram  show,  .c  number  and  type  of 
communications  observed  during  one  month  for  the  Outpatient  Clinics  at  Andrews 
BLHC  System.  These  data  are  also  arrayed  in  a  more  complex  form  showing 
the  putpose,  urgency,  and  volume  of  communications  in  Volume  V,  Data 
Inventory  of  this  final  report. 

By  correlating  the  data  across  the  three  BLHC  Systems,  the  high  volume 
links  between  each  functional  element  weredefined  ;  these,  in  turn,  were  useful 
in  refining  the  adjacency  requirements  for  the  system. 

Materiel  Flow 

The  materiel  flow  patterns  for  facilities  in  both  primary  and  secondary 
study  systems  were  characterized  by  the  Sybron  Corporation;  the  methodology 
is  described  in  a  separate  report  on  distribution  systems.  Materiel  flow  activ¬ 
ity  plans,  derived  from  these  data  for  three  sizes  of  inpatient  systems  (250, 

500,  750  beds)  were  further  refined  by  testing  the  sensitivity  of  the  activity 
plans  for  different  mixes  of  inpatient  care  levels.  Figures  3..2-10  and  3.2-11 
illustrate  the  differential  between  the  activity  summary  for  a  250-bed  facility 
with  a  "normal"  inpatient  population  and  one  with  a  50  percent  ambulatory 
inpatient  population.  The  heavily  ambulatory  system  shows  a  10.6  percent 
reduction  of  trips  per  day  and  a  13.4  percent  reduction  in  the  volume  of  cubic 
feet  of  materiel.  Dietary  accounts  for  80  percent  of  the  reduced  number  of 
trips  and  94  percent  of  the  reduced  volume.  Even  with  this  reduction  in  trips 
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Figure  3.2-10  -  250  Bed  Total  Trip  Summary  -  Conventional  Configuration 
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Figure  3.2-11  -  250  Bed  Total  Trip  Summary  -  With  Self-Care  Separation 
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and  volumes,  dietary  remains  Die  highest  generator  of  materiel  handling  ac¬ 
tivity  observed  across  the  BLHC  Systi  ms.  In  Tables  A. 2.-1,  A. 2-2,  3.2-5,  the 
five  largest  generators  of  trips  and  volumes  are  summarized  by  levels  of  in¬ 
patient  size,  showing  one  -\vn\  trips,  and  cubic  feet  of  volume  percent  for 
departures  and  arrivals. 


TAB LE  5.2-1 


One-nay  Trios  Per  Day  ('  ) 


250  Beds 

500  Beds 

750  Beds 

Functional  Element 

Functional  Element 

Functional  Element 

Dietary 

!).  1 

Dietary 

10.  1 

Dietary 

11.4 

Linen 

(i.  A 

Li  nen 

7.0 

Linen 

7.7 

Maintenance 

'1.6 

Maintenance 

4.3 

General 

3.7 

Su  rgieal 

1.6 

laboratory 

3.8 

Suppl  y 

Patients 

Trash 

5.6 

Trash 

3.7 

Medical 

4.4 

Mai  ntenanee 

«{. 

Patients 

i 

TABLE  3.2- 

Volume  by  Cubic  Feet  per  Day  (%)  - 

Departures 

Dietary 

15. 1 

Dietary 

13.6 

Dietary 

16.6 

Linen 

8.8 

Iant  n 

9.1 

1  Jnen 

10. 1 

Surgical 

5.4 

General 

4.8 

General 

5.4 

Patients 

Supply’ 

Supply 

General 

5.1 

Surgical 

3.1 

CSS 

3.3 

Supply 

P  clients 

Surge ry 

2.8 

Medical 

4.8 

Medical 

3.1 

Patients 

Patients 

TABLE  3. 

2-3 

Volume 

by  Cubic  Feet  per 

Day  (%) 

-  Arrivals 

250  Heels 

500  Beds 

750  Beds 

Functional  Element 

Functional  Element 

Functional  Element 

Linen 

12.  7 

Linen 

13.4 

Linen 

14.0 

Dietary 

8.9 

Dietary 

9.7 

Dietary 

9.9 

Trash 

5.9 

Trash 

G.  1 

Trash 

6.7 

Su rgfeal 

5. 3 

Food  Waste  4.0 

Food  Waste 

5.2 

Patients 

CSS 

4.  G 

CSS 

4.8 

Food  Waste 

•1.8 

Figure  .'5.2-12  further  refines  this  summary  by  a  definition  of  the 
type  and  nature  of  the  trip. 

The  key  to  interpret  these  summaries  is  as  follows: 

(1)  Type  0  trips  are  one-way  trips  which  originate  with  a  full  or  empty 
container,  make  a  circuit  of  deliveries  or  pickups  to  successive 
destinations,  and  terminate  at  the  point  of  origin  with  an  empty  or 
full  container.  An  example  of  this  type  of  trip  is  a  pharmacy  delivery 
or  laboratory  sample  pickup. 

(2)  Type  1  are  two-way  trips  which  originate  with  a  full  container  and 
terminate  at  the  point  of  origin  without  a  container;  for  example,  a 
dietary  lelivery  from  the  kitchen  to  the  inpatient  areas. 

(3)  Type  2  trips  begin  with  a  full  container  and  terminate  at  the  point 
of  origin  with  an  empty  container.  An  example  of  this  two-way 
trip  is  a  linen  delivery.  A  refinement  of  this  trip  type  which 
converts  it  to  two  type-3  trips  (two  productive  one-way  trips),  is  the 
delivery  of  a  full  container  with  clean  linen  and  its  return  with  soiled 
linen. 
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FIGURE  3.2-12  BLHCS  MATERIEL  DISTRIBUTION  TRIP  TYPES 
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(1)  I'ype  :!  trips  originate  with  a  full  container  anti  terminate  at  the  i>oint 
of  origin  witli  a  full  container;  for  example,  ail  exchange  cart  system 
for  linen  or  dietary  .  This  counts  as  two  productive  one  way  trips. 

flic  activity  per  trip  type  for  a  iiOO-bod  BI.11C  System  is  summarized  in 
f  igures  3.2-13  through  3.2'-li>. 

Planning  and  Design  Process 

l*he  present  planning  and  design  procedure  is  a  two-stage  process.  For 
each  service,  health  care  planners  present  resource  requirements  calculated 
for  a  specific  new  BUIC  System  or  desired  requirements  for  upgrading  an 
existing  system.  These  resource  requirements,  stated  as  systems  capabilities 
(such  us  number  of  beds,  outpatient  visits,  and  ancillary  usage  each  year)  have 
been  calculated  to  match  the  health  care  needs  of  the  population.  These  require¬ 
ments  are  generally  stated  as  a  "static”  quantity,  representing  the  best  estimate 
of  demand. 

The  facility  designers  then  convert  each  system  capability  into  a  detailed 
space  program  to  be  allocated  to  this  clement  according  to  extremely  detailed 
data  in  the  current  criteria.  This  space  program  relates  the  capability  required 
(number  of  visits  per  year  to  a  specialty  clinic)  to  the  individual  components  of 
that  element  through  a  set  of  performance  criteria  (the  size  and  number  of 
physicians'  offices  and  examination  rooms  related  to  the  average  number  of 
clinic  visitors  a  physician  attends  per  year).  All  supporting  activities  are 
aggregated  within  this  system  element  (including  the  waiting,  dressing  rooms, 
toilets,  and  storage)  based  on  the  formulae  in  the  criteria.  All  elements  are 
then  aggregated  into  a  total  statement  of  net  space.  In  addition,  certain  factors 
are  added  to  account  for  wall  thicknesses;  circulation  between  and  in  system 
elements;  and  mechanical,  electrical  and  heating,  and  ventilation  and  air  conditioning 
(IIVAC)  machinery  spaces.  The  latest  average  cost  per  foot  for  hospitals 
currently  allowed  in  the  military  is  applied  to  this  aggregation,  creating  the 
basis  for  a  budget  line  item  in  the  DoD  requests  for  congressional  funds. 
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Figure  3.2-13  -  Materiel  Distribution  Trip  Types 
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Figure  3.2-14  -  Materiel  Distribution  Trip  Types 
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Figure  li— 1 5  -  Materiel  Distribution  Trip  Types 
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Figure  .’5. 2-10  -  Materiel  Distribution  Trip  Types 
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Assuming  that  Congress  approves  this  item,  an  architect  is  selected  to 
execute  a  detailed  design  for  construction.  The  architect  is  given  the  space 
program,  budget  limitations,  and  a  design  narrative  containing  some  guide¬ 
lines  and  data  clarification.  He  may  not  he  aware  of  the  potential  change  and 

growth  requirements  which  may  have  impact  on  the  system. 

The  entire  process  to  occupancy  may  take  five  to  seven  years,  during 

which  time  perceived  demands  may  already  have  exceeded  the  System's  cap¬ 
ability  and  the  nature  of  the  demand  ma.\  also  have  changed.  It  is  recognized 
that  the  present  method  of  planning,  programming  and  construction  is  beyond 
the  control  of  the  operating  agencies,  and  subject  to  the  constraints  of  executive 
and  legislative  procedures.  Specifically,  the  time  lag  which  is  tied  to  congressional 
and  committee  reviews  creates  uncontrollable  cost  changes  due  to  escalation. 
Similarly  changing  demands  may  not  be  adequately  recognized  in  the  line  item 
which  fixes  the  scope  and  cost  of  the  project  early  in  the  cycle.  The  present 
process,  therefore,  is  not  sufficiently  flexible  to  recognize  changed  program 
requirements  during  the  elapsed  time.  The  net  result  is  a  facility  which  may 
match  the  needs  of  initial  demand  and  may  be  built  for  the  budgeted  first  cost. 

Since  it  has  been  designed  with  inadequate  data,  however,  certain  operational 
constraints  typically  appear  soon  after  occupancy. 

Current  BLHC  systems  have  little  capability  to  respond  to  these  changes 
in  requirements.  They  are  equally  insensitive  to  changes  in  demand  caused  by 
medical  practice,  such  as  increased  demand  for  greater  diagnostic  assistance 
for  a  given  disease  incidence.  More  capability  has  generally  been  obtained  by 
expanding  into  less  essential  adjacent  space  or  building  additional  space.  Large 
scale  growth  to  accommodate  mission  changes  has  presented  similar  problems. 
Growth  generally  means  disruption  within  the  existing  facility  and  a  displace¬ 
ment  of  the  original  functional  relationships.  This  often  requires  duplication 
of  existing  facilities  resulting  in  higher  operating  costs. 

In  support  of  the  data  collected  from  primary  and  secondary  BLHC 
Systems,  additional  data  on  all  the  CONUS  base  level  facilities  were  obtained. 

The  majority  were  found  to  have  undergone  extensive  changes  and  growth  during 
their  life. 
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Identification  of  Problems 


Based  on  the  characterization  of  the  BLHC  System,  the  following  major 
problem  areas  have  been  identified  in  facilities  design: 

(L)  Present  facilities  are  designed  at  a  fixed  point  in  time  for  a  static 
program  without  specific  eapabilities  to  absorb  changing  and  growing 
health  earc  demands.  A  need  exists  for  more  accurate  forecasting 
of  health  eare  requirements  and  the  impact  of  change  and  growth  on 
the  design  configuration. 

(2)  The  current  design  process  does  not  have  the  benefits  of  an  extensive 
operations  analysis  of  the  BLHC  System  and,  therefore,  is  not 
supported  by  an  extensive  data  base.  As  a  result*  each  System  is 
forced  to  depend  on  the  eapabilities  of  each  individual  designer, 

his  perception  of  the  operational  requirements  of  that  system,  and 
his  sensitivity  to  the  specific  problems  of  the  military  health  eare 
delivery  system. 

(3)  The  planning,  programming,  and  implementation  cycle  is  too  long 
and  too  sensitive  to  delays  beyond  the  control  of  the  system.  The 
delays  not  only  result  in  changing  operational  and  demand  character¬ 
istics  but  also  in  increased  eosts  or  reduced  capability.  The  emphasis 
on  least  first  cost  results  in  compromises  of  operating  efficiency 

and  future  capability.  This  ultimately  leads  to  increased  life  cycle 
cost  in  both  operations  and  acquisition  costs. 

(4)  The  functional  space  program  is  only  one  of  the  essential  elements 
of  design  instruction.  A  comprehensive  statement  of  current  and 

future  performance  requirements  for  the  total  BLHC  System  as  well 
as  the  individual  sub-elements  must  support  the  program  or  the 

future  eapabilities  and  performance  of  the  facility  will  be  limited  in 
terms  of  its  response  to  new  demand  characteristics.  The  techno¬ 
logical  alternatives  for  various  support  systems  must  also  be  considered 
against  life  eyeie  eosts  and  benefits. 

(5)  Time  is  the  most  critical  element  for  all  of  these  problem  areas, 
since  excessive  elapsed  time  during  planning  and  design  results  in 
changed  requirements  and  available  resources. 


3.2-28 


OBJECTIVES  FOR  THE  DESIGN  CONCEPT 

After  studying  the  design  and  construction  processes  used  to  generate 
the  present  BLHC  Systems  and  identifying  the  major  problems  to  be  solved, 
three  primary  and  seven  corollary  objectives  in  support  of  the  primary  objectives 
were  developed: 

Primary  Objectives 

(1)  A  design  logic  which  is  itself  a  major  improvement  alternative  to 
the  present  method;  its  use  and  impact  will  be  assessed  against 
the  variety  of  demands  placed  on  the  System  over  its  life  cycle, 
independently  of  other  proposed  alternatives, 

(2)  A  design  capable  of  responding  to  the  performance  requirements  of 
the  BLHCS  for  operational  and  life  cycle  system  dynamics, 

(3)  A  framework  for  testing  the  sub-systems  and  operational  improve¬ 
ments  alternatives  being  considered  for  the  BLHCS. 

Corollary  Objectives 

(1)  A  design  logic  which  results  in  a  facility  based  on  an  understanding 
of  the  major  flows  of  patients,  staff,  materiel,  and  communications 
within  the  overall  system  and  allows  for  optimizing  these  flows. 

(2)  A  design  logic  which  uses  the  quantifiable  time  and  distance  relation¬ 
ship,  both  horizontally  and  vertically,  between  different  levels  within 
the  system  to  facilitate  analysis  of  inter-  and  intra-element  alterna¬ 
tives. 

(3)  A  design  logic  capable  of  accepting  a  wide  variety  of  system  elements 
to  match  the  needs  of  the  BLHC  System. 

(4)  A  facility  built  as  a  result  of  this  design  logic  at  an  initial  cost 
comparable  to  that  of  an  equivalent  conventional  BLHC  System  with 
a  demonstrable  life  cycle  cost  saving  over  the  conventional  facility 
even  when  responding  to  the  system's  changes  and  growth. 
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(5)  A  design  logic  to  achieve  the  following  growth: 


•  Inpatient  Ai’ea 

250  beds  initially,  200  percent  expansion 

500  beds  initially,  100  percent  expansion 

750  beds  initially,  25  percent  expansion 

This  general  framework  of  growth  requires  a  design  concept 

capable  of  a  range  of  initial  configuration  options  to  satisfy 

any  system  requirements  within  the  250-  to  750-bed  BLHC  Systems. 

•  Outpatient  Area  and  Clinical  Support  Services 

Areas  capable  of  discrete  and  unique  growth  related  to  each 
function,  in  response  to  accelerated  or  changing  demands. 

Maximize  the  adaptability  of  these  functions  by  providing 
facilities  which  arc  as  universal  as  possible  in  their  health 
care  applications,  free  of  fixed  physical  constraints,  and 
flexible  enough  to  use  staff  and  equipment  in  varying  combina¬ 
tions.  This  growth  must  be  achieved  within  the  organizational 
relationship  of  the  initial  facility,  and  ensure  that  those  rela¬ 
tionships  which  are  forced  to  change  will  not  Impair  patient 
care  or  high  operational  cost  elements. 

(6)  A  design  logic  capable  of  using  a  variety  of  construction  technology 
including  off-the-shelf  technologies  and  selected  applications  of  local 
materials  and  practices. 

(7)  A  design  logic  less  sensitive  than  the  present  process  to  the  follow¬ 
ing  issues: 

•  Errors  in  the  statement  of  health  care  demands  without  major 
mission  changes. 

•  Changes  in  technology. 

•  Changes  in  the  practice  of  medicine. 

•  Changes  in  utilization  policies. 

•  Changes  in  major  missions  requiring  alteration  of  the 
former  popluation  mix  and  size. 
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MEASURES  OF  EFFECTIVENESS 


As  outlined  in  the  introduction,  this  study  identifies  two  measures  of 
effectiveness  —  prospective  and  retrospective.  The  ability  to  achieve  these 
objectives  using  study  outputs  must  be  compared  to  observed  current  performance 
in  the  present  BLHC  System.  The  results  of  using  conventional  methods  to  achieve 
an  objective  must  be  estimated. 

All  design  alternatives  evaluated  were  arrayed  against  the  following 
measures  of  effectiveness: 

(1)  Does  it  produce  a  system  of  greater  or  lesser  sensitivity  to 
change  and  growth? 

(2)  Does  it  allow  for  the  growth  and  change  limits  established  while 
holding  the  organizational  relationship  stable? 

(3)  Is  the  system  responsive  to  the  range  of  performance  for  all  elements 
of  BLHCS  within  250,  500,  and  750  inpatient  sizes? 

(4)  Are  the  main  activity  zones  sufficiently  flexible  to  meet  the  demands 
of  their  own  unique  and  interrelated  dynamics  within  the  system 
logic? 

(5)  Does  it  provide  a  faster  and  more  explicit  design  and  estimating 
process? 

(6)  Does  the  resulting  facility  cost  more  or  less  over  its  life  cycle 
than  an  equivalent  conventional  facility  with  the  same  initial  cap¬ 
ability?  How  do  their  operating  costs  for  providing  the  same  health 
care  compare? 

(7)  Does  the  facility  have  characteristics  which  will  allow  for  change 
and  g1  owth  at  less  construction  cost  than  the  equivalent  conventional 
facility:  How  do  the  characteristics  of  each  facility  compare  for: 

•  speed  in  accomplishing  such  changes  and  growth  j 

•  degree  of  disruption  to  the  day-to-day  operations  while  achieving 
these  changes; 

•  operating  costs? 
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(8)  Does  the  design  solution  offer  the  professional  personnel  and  their 
support  staff  advantages  in  the  delivery  of  health  care? 

SYNTHESIS  OF  ALTERNATIVES 

In  the  first  step  of  the  synthesis  of  alternatives,  the  present  methods  of 
design  and  construction  were  arranged  as  alternatives,  using  as  many 
definitive  measures  of  its  components  as  possible  for  a  basis  of  comparison  with 
proposed  alternatives.  However,  the  real  issue  was  to  find  or  create  an  alter¬ 
native  which  meets  all,  or  most  of,  the  objectives  for  overcoming  deficiencies 
in  the  present  systems.  Construction  state-of-the-art  represented  the  data  base  for 
identifying  the  best  improvement  alternatives  over  the  present  process.  The 
The  State-of-the-Art  (Construction  Section  -  Volume  IV)  presents  alternatives 
which  may  be  applicable.  Two  contenders  which  were  considered  as  candidates 
for  the  syr.em  are: 

1)  Interstitial  Space 

The  use  of  interstitial  space  is  one  alternative  for  designing  a  flexible 
facility  with  the  least  sensitivity  to  change.  Unless  it  is  used  as  part  of  a  design 
process  based  on  broad  operational  data,  however,  the  functional  elements 
cannot  be  optimized  nor  can  the  facility  be  more  effective  or  less  costly  than  a 
conventional  BLHC  System.  This  concept  is  best  used  when  all  parts  of 
the  facility  have  an  equal  requirement  for  change.  Facilities  currently  using 
this  approach  have  not  solved  the  inherent  problems  either  in  the  overall  sys¬ 
tem,  or  in  elements  which  have  discrete  requirements  for  growth.  For  many 
reasons,  growth  usually  relates  to  duplication  of  major  areas  of  the  initial 
structure  or,  at  best,  a  limited  expansion  into  space  provided  but  unoccupied 
in  the  initial  layout.  Finally,  the  high  first  cost  incurred  in  construction  cannot 
be  justified  by  comparison  to  conventional  facilities. 

2)  Modular  Approach 

The  second  major  design  contender,  the  "modular"  approach,  seeks  to 
define  a  module  of  space  which  represents  a  specific  system  sub-element  such 
as  a  surgery  operating  suite;  once  one  module  is  designed,  all  others  are  some 
multiple  of  this  space.  While  this  approach  allows  the  least  construction  cost 
for  conversion  of  spaces  into  different  uses,  it  ignores  the  fact  that  operating 
costs  are  the  predominant  costa  in  the  life  of  a  facility.  Furthermore,  these 
costs  are  adversely  affected  when  major  element  interrelationships  are  changed. 
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Neither  alternative  fully  responds  to  the  requirements  of  the  BLHC  System. 
The  design  concept,  therefore,  does  not  suggest  a  direct  application  of  either 
method,  and  in  fact,  represents  an  improvement  in  the  current  State-of-the-Art. 

In  response  to  the  unique  requirements  of  the  BLHC  System,  interstitial  space 
application  is  limited  to  the  mechanical  service  zone  location  only.  However, 
its  function  is  expanded  to  become:  1)  the  structural  transfer  zone;  and  2)  integrates 
the  service  and  housekeeping  functions. 

The  concept  of  universal  space  modularity  is  rejected,  and  it  is  suggested 
that  each  functional  area  has  unique  modular  characteristics,  i.e. ,  inpatient 
module  -  the  patient  capsule,  nursing  unit  block  (2  or  3  levels);  ambulatory 
area  -  clinics,  examining  stations;  surgery  -  suites;  radiology  -  suites.  The 
design  concept  provides  for  the  growth  and  change  of  these  in  modular 
increments  based  on  the  Demand  Model  simulation  and  the  Base  "X"  test 
example.  However,  the  application  of  appropriate  standardized  building  com¬ 
ponents  is  not  precluded  in  the  design  concept. 

One  of  the  inherent  concepts  of  a  modular  approach  to  flexibility  is  the 
interchangeability  of  spaces.  Such  interchange  may  result  in  displacement  of 
adjacencies  which  were  based  on  the  functional  characteristics  of  the  system, 
and  therefore  can  result  in  undesirable  operational  patterns. 

NGMH  Design  Concept 

To  accommodate  these  limitations,  a  new  design  logic  has  been 
generated  based  on  the  detailed  understanding  of  BLHC  System  requirements 
and/or  the  design  objectives  already  stated.  This  design  logic  consists  of 
developing  an  organizing  logic  which  relates  the  tour  major  activity  zones  to 
flows.  Macro  and  Micro  studies  were  also  conducted  to  relate  the  system 
elements  and  sub-elements  into  this  logic. 

System  of  Organization 

The  organization  of  the  BLHC  System  design  logic  is  based  on  the 
functional  and  physical  relationships  and  inter-relationships  of  all  system 
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components  and  elements  at  the  total  systems  scalc(Macro)  and  at  the  patient 
care  units  of  activity  (Micro).  Quantification  and  intensity  of  these  relation¬ 
ships  are  a  function  of  the  BLHC  System  elements  contained  in  the  data  base. 

The  organization  system,  based  on  the  fundamental  elements  of  health 
care  includes: 

(1)  Patient  llmvs_ 

•  Total  patient  entry,  both  scheduled  and  unscheduled 

•  Ambulatory  patient  flow 

•  Ambulatory  inpatient  flow 

•  Inpatient  flow  requiring  an  acute  level  of  medical  care  (sensitive  flow); 

(2)  Sequence  of  medical  care  from  intensive  to  light  and  the  extent  to  which 

these  levels  vary  in  the  general  BLHC  populations. 

(;))  Zones  of  medical  care  intensity  and  the  resources  needed  for  various  care 

intensity  levels. 

(4)  Information  flow,  its  urgency,  and  volume. 

(5)  Materiel  flow,  its  urgency,  and  volume. 

Patient  flow  is  the  most  significant  item,  because  patient  entry  into  the 

system,  scheduled  or  unscheduled,  is  the  driving  force  to  which  the  entire  system 
must  respond  (Figure  3.2-17).  Such  patient  flow  triggers  personnel  and  data  flows 

to  the  interface  points  where  medical  care  is  provided.  Somewhat  less 
important  to  the  system's  overall  performance  is  the  flow  of  materiel  to  those 
interface  points.  These  priorities  were  used  as  guidelines  in  developing  the 
organization  concept. 

The  sequence  of  health  care  is  based  on  the  progression  of  the  patient 
through  categories  of  dependency;  these  range  from  inpatient  intensive,  in¬ 
patient  moderate  and  light,  to  ambulatory  and  outpatient.  Zones  of  medical  and 
service  activity  plus  the  resources  of  each  treatment  level  relate  to  the  sequence 
of  health  care.  To  accommodate  the  sequence,  BLHC  Systems  were  decomposed 
and  restructured  into  four  primary  activity  zones: 

(1)  The  ambulatory  zone  at  grade  containing  all  outpatient  clinics  to¬ 
gether  with  ancillary  services  such  as  Radiology,  Clinical  Laboratories, 
Pharmacy,  and  Emergency  (Figure  3.2-17). 
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Figure  3.2-17  -  Ambulatory  Level 


(2)  Medical  and  allied  professional  zone  containing  the  high  technology 
and  highest  patient  care  areas  such  as  Surgery  and  Recovery, 

ICU/CCU,  Delivery,  Nursery,  as  well  as  certain  professional  and 
administrative  areas  including  Education  and  Training,  Fiscal  Manage¬ 
ment,  and  Oita  Processing  (This  zone  is  located  on  the  second  level). 

(3)  The  services  zone  serving  a  dual  function:  as  a  structural  base 
supporting  the  inpatient  area  and  transferring  this  load  to  grade 
with  the  minimum  number  of  columns  to  eliminate  spatial 
constraints  at  the  lower  level  areas;  and  as  the  location  of  the 
major  support  services  such  as  Dietary,  Central  Sterile  Supply 
(CSS),  as  well  as  all  mechanical,  and  electrical  machine 
rooms  (This  zone  is  located  on  the  third  level). 

(4)  The  inpatient  zone  containing  all  levels  of  care. 

Diagram  3.2-18  illustrates  the  integration  of  these  zones  into  an  operational 
framework  to  show  how  they  relate  to  various  levels  in  a  hypothetical  facility 
configuration.  The  primary  organizing  elements  which  tie  these  activity  zones  into  an 
operational  health  care  system  are : 

(1)  Two  primary  vertical  circulation  and  service  nodes  which  link 
all  activity  zones  together  by  providing  the  service  requirements 
for  the  various  flows  and  vertical  adjacency  relationships. 

(2)  A  horizontal  time/distance  grid  which  relates  all  flows  and 
functional  activities  in  each  horizontal  activity  zone. 

(3)  Secondary  vertical  adjacency  relationships  between  invididual 
functional  areas  (such  as  Surgery  Clinic-Surgery  Suite  and  OB 
Clinic -Delivery  Suite)  and  services. 

The  major  nodes  contain  elevators,  stairs  for  local  circulation,  vertical 
service  shafts  and  chases  for  mechanical  ducts,  communication  conduits  as  well 
as  the  materiel  handling  system,  if  included  in  the  BLHC  System.  Minor 
nodes  contain  stairs  for  local  circulation  together  with  a  heavier  concentration 
of  HVAC,  utility,  and  electrical  services. 

The  most  sensitive  patient  flows  and  high  technology  areas  are  grouped 

around  one  primary  node  which  serves:  the  high  intensity  medical  zones  such 

as  the  Intensive  Care  Unit,  Coronary  Care  Unit,  Surgery,  Recovery  Area,  and 
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Nursery;  the  lushest  technology  areas  of  the  ambulatory  zone  such  as  the 
emergency  admitting  area;  and  the  nursing  units  with  the  heavy  and  moderate 
care  inpatients.  A  vertical  adjacency  (using  both  primary  and  several 
secondary  nodes),  therefore,  links  all  medically  acute  areas,  even  where  they 
are  contained  and  organized  in  separate  activity  zones  according  to  their  own 
unique  physical  and  functional  elements. 

Other  elements  —  including  the*  least  acute  inpatient  nursing  areas, 
administration  offices,  ambulatory  clinics  for  general  medicine  --  are  grouped 
around  the  second  primary  node.  These  areas  deal  with  patient  and  personnel 
flows  of  large  volume  but  least  medieal  urgency.  This  organization  induces 
a  selective  use  of  the  transportation  nodes  as  well  as  a  nodal  split  between  the 
elevators  and  the  option  of  using  stairs. 

The  next  major  organization  concept  deals  with  horizontal  time /distance 
relationship  of  similar  functional  elements  located  on  the  various  levels  and 
related  to  the  primary  nodes.  Studies  indicate  that  an  organization  based  on  a 
horizontal  time /distance  relationship  of  1/2  minute  walking  and  approximately 
140  feet  around  each  primary  node  can  be  used  initially  to  test  desired  criteria. 

All  physical  layouts  generated  to  date  are  organized  on  these  parameters.  They 
are  constantly  being  tested  in  the  trade  off  analyses  but  have  proven  satisfactory 
as  outer  limits  for  the  largest-size  BLHC  System  studied. 

The  last,  and  perhaps  most  significant,  organization  concept  is  that 
each  functional  physical  element  should  be  comprised  of  sub-elements  with 
relatively  predictable  change  and  growth  requirements,  and  that  certain  rules 
and  "modules"  of  space  planning  should  be  assigned  to  these  sub-elements. 

Although  nursing  units  can  have  change  capabilities  built  into  them,  the  "module" 
of  major  growth  is  a  new  nursing  wing  which  is  added  in  relatively  large  increments. 
High  technology  areas  such  as  operating  suites  will  have  change  capability 
built-in,  but  growth  capability  will  be  accommodated  by  adding  one  or  more 
operating  suite  "modules",  which  contain  2  OR  suites  and  a  recovery  area. 

The  design  logic  will  allow  this  addition  in  a  way  that  will  minimize 
effects  on  patient,  personnel,  materiel,  and  data  flows.  The  degree  of 
unpredictability  of  these  changes  will  depend  somewhat  on  the  nature  of  the  sub¬ 
element.  For  example,  the  radiology  area  can  accommodate  major  changes  in 
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demand  by  greater  utilization  of  manpower  over  longer  hours,  but  beyond  a 
certain  limit,  growth  capability  must  be  implemented.  The  growth  element  will 
clearly  be  some  multiple  of  the  space  module  required  to  accommodate  an  X-ray 
suite,  including  patient  and  staff  How  areas  and  areas  for  equipment. 

Inpatient  areas  evidence  relatively  nredictable,  and  less  dynamic 
change.  In  the  ambulatory  zone,  however,  rapid, highly  unpredictable  change 
capabilities  are  necessary  in  generally  smaller  and  less  readily  definable  forms. 
The  design  logic  will  organize  those  elements  requiring  the  most  flexibility  to 
allow  multiple  patient  entry  to  a  grouping  of  similar  medical  treatment  areas. 

It  will  organize  the  waiting  and  flow  characteristics  of  the  ambulatory  patients 
into,  and  between,  these  areas  and  provide  open-ended  expansion  into  outside 
areas  to  accommodate  unpredictable  demands.  These  changes  and  growths 
can  be  achieved  without  disturbing  adjacent  sub-elements  of  the  ambulatory  zone 
and  without  altering  the  logic  of  the  patient  entry  and  flow  patterns. 

Ambulatory  Level  (Figure  3.2-153  and  3,2-20) 

Ambulatory  care  is  the  predominant  form  of  treatment  in  present  and 
perceivable  future  BLIIC  Systems  unless  the  entire  enaranter  oi  health  care 
is  drastically  altered.  The  traditional  view  of  the  hospital  Outpatient  Depart¬ 
ment  is  no  longer  appropriate  for  future  BLHC  Systems.  The  concept  of  a 
highly  dynamic  ambulatory  activity  zone  presented  two  major  alternatives: 

(1)  a  separate,  detached  facility;  or 

(2)  the  integration  of  this  activity  zone  into  the  composite  facility. 

The  alternative  of  the  detached  facility  offers  the  opportunity  for  independent 
growth  and  change.  The  integration  alternative  offers  the  advantage  of  linking 
all  inpatient  and  outpatient  activities  into  an  interrelated  framework  and 
maximizing  the  effective  utilization  of  staff  and  services  in  support  of  both 
activities. 

The  integration  alternative  was  judged  the  best  approach,  since  its 
design  concept  offers  the  advantages  of  both  alternatives.  The  ambulatory 
level  provides  relatively  open-ended  growth  at  grade,  is  integrated  into  the 
composite  facility,  yet  is  still  relatively  unconstrained  by  design  decisions 
for  the  remainder  of  the  facility.  In  addition,  the  patient  flows  into  the  system 


3.2-39 


I 

I 


FIGURE  3.2-19.  TIME/DISTANCE  FRAMEWORK 
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and  the  flow  of  staff  and  services  within  is  structured  for  maximum  effectiveness 
into  the  functional  areas. 

The  organizational  concept  of  structuring  ambulatory  patient  flow 
within  discrete  functional  units  requires  the  maximum  number  of  ambulatory 
clinics  at  grade  (Figure  3.2-19).  Based  on  Study  Team  data,  an  estimated  75 

percent  of  the  ambulatory  patient  flow  can  be  scheduled  directly  into  the  appropriate 
clinic.  Non-scheduled  emergency  patients  are  referred  to  an  emergency 

control  zone  (Figure  3.2-19  directly  related  to  the  diagnostic  facilities  and  the 
primary  vertical  transportation  serving  the  high  intensity  medical  zone 
(Surgery,  ICU,  and  CCU).  The  second  primary  vertical  transportation  node 
is  related  to  the  ambulatory  flow  from  the  inpatient  facilities  to  the  clinics 
and  patient  service  areas.  Both  primary  vertical  transportation  nodes  can 
accommodate  flow  of  staff  and  visitors.  Secondary  transportation  nodes  (stairs) 
link  the  ambulatory  level  to  the  medical  and  professional  level.  The  ability 
to  relate  a  light  care  and  ambulatory  nursing  unit  to  this  level  is  one  of  the 
initial  or  future  system  options.  Fig.  3.2-20  is  another  representation  of  the 
ambulatory  level. 

Medical  and  Professional  Level  (Figure  3.2-22 

Intensive  medical  functions  requiring  highly  specialized  technology 
and  environment  (Surgery,  Delivery,  Nursing,  Intensive  Care,  CoronaryCare) 
are  concentrated  on  the  second  level.  Also  on  this  level  are  diagnostic  and 
therapeutic  facilities  as  well  as  certain  clinics  and  physicians'  offices  which 
primarily  respond  to  inpatient  demands. 

Most  professional  staff  functions  including  education  are  on  the  first 
two  levels,  linked  by  primary  and  secondary  circulation  nodes  and  framed  by 
the  time/distance  grid  (Figure  3. 2-21).  The  relationship  of  this  level  to  the  other 
activities  contrasts  the  random  movement  requirements  of  the  professional 
staff  with  their  discrete  geographic  areas.  One  level  up  is  the  cafeteria,  one 
level  down,  the  clinics  and  diagnostic  facilities.  The  two-level  separation 
of  the  ambulatory  zone  from  the  cafeteria  still  represents  a  convenient  walk- 
up  distance.  To  walk  up  one. flight  of  stairs  represents  a  seven  to  ten  second 
time  requirement.  The  provision  of  alternative  links  directly  related  to 
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vertical  adjaceiiei.es  ensures  that  optional  movement  of  the  staff  resource  is 
well  defined,  minimizing^ waiting  time  for  transportation.  Fig.  3. 2-22  illustrates 
the  second  level  superimposeCbover  the  lower  level. 


Structural  and  Mechanical  Service  fceyel  (Figure  3.2-23) 

This  level  functions  primarily  as  a  structural  transfer  zone,  similar 


to  a  bridge,  which  accepts  and  transfers  loads  from  the  inpatient  nursing  unit 
elements  over  wide  spans  to  grade  without  imposing  on  lower  levels.  Since 
the  optimum  structural  concept  for  the  nursing  units  may  not  be  suitable  for 
ambulatory  care  units,  the  structural  bridge  acts  as  a  separation  and  trans¬ 
ition  point,  permitting  maximum  design  freedom  and  layout  flexibility  for  the 
levels  above  and  below  it. 


FIGURE  3.2-23  STRUCTURAL  TRANSFER  ZONE  AND  VERTICAL  NODES 
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As  a  second  major  function,  this  level  contains  the  mechanical  services 
and  distribution  channels  for  the  system  where  they  are  continuously  accessible 
for  maintenance,  modification,  and  upgrading.  The  mechanical  services  feed 
the  levels  both  above  and  below  this  zone  through  primary  and  secondary 
vertical  distribution  shafts.  In  addition,  mechanical  services  are  closest  to  the 
medically  intensive  functions  such  as  Surgery  and  Intensive  Care.  Other 
functions  of  this  level  include  Dietary,  Housekeeping,  Warehousing,  CSS,  and 
other  service  elements. 

The  location  of  the  service  functions  enhances  their  proximity  to  the 
activity  which  has  the  greatest  service  requirement,  the  inpatient  levels.  It 
also  places  the  majority  of  the  ward  Management  staff  and  ambulatory 
inpatients  within  easy  reach  of  the  cafeteria,  using  the  stairs  in  the  major  and 
minor  nodes  which  in  turn,  reduce  the  load  on  the  primary  transportation 
system. 

Inpatient  Levels  (Figure  3.2-24) 

Nursing  units  of  a  nominal  density  of  34  beds  are  horizontally  organized 
into  two  or  three  levels,  grouped  around  the  primary  and  secondary  vertical 
nodes  and  supported  by  the  structural  transfer  zone.  The  time/distance 
criteria  are  superimposed  so  that  the  horizontal  nature  of  the  system  will 
not  impose  distance  penalties  {Figure  3.2-24  -  black  time  grid).  The  secondary 
nodes  facilitate  the  continuous  flow  of  staff  during  rounds  or  between  levels. 

The  configuration  creates  opportunities  for  a  variety  of  operational  and  ward 
management  concepts.  Medical  and  nursing  activities  vary  according  to 
patient  dependency  which  requires  different  staffing  and  spans  of  control 
(Figure  3,2-24  -  yellow  support  management)  and  the  ward  administration  implies 

still  a  different  level  of  organizational  control.  The  inpatient  system  creates 
a  framework  in  which  the  appropriate  organization  can  be  applied  as  determined 
by  patient  dependency  (Figure  3.2-24  -  red  medical  activity  and  nursing  areas). 
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Specifically  ,  concepts  of  graduated  patient  care  can  be  applied  on  an 
individual  nursing  unit  basis  on  one  level,  or  throughout  all  inpatient  levels; 
tlic  traditional  inpatient  organization  by  medical  specialties  and  by  levels  of 
care  can  also  be  utilized,  This  framework  for  the  analysis  of  alternatives 
can  be  used  in  the  simulation  of  alternatives  as  well  as  in  actual  test 
situations  for  the  new  generation  military  hospital. 

The  system  models  display  operational  characteristics  of  the  design 
concept;  it  illustrates  the  relationship  of  medical  intensity  to  the  first  primary 
node  .and  ambulatory  patients  to  the  other  primary  node.  The  total  system 
model  reflects  the  interrelationships  of  ail  major  activities  and  services,  as 
well  as  the  sequence  of  care  as  the  patient  progresses  through  the  system. 

(Figure  .‘1.2-25) 

Configuration  Options 

Inpatient 

The  decomposition  of  the  traditional  compact  health  care  facility  into 
more  discrete  elements  permits  a  wide  array  of  initial  size  and  discrete 
growth  options  within  the  250-  to  750-bed  range.  Initial  configuration  options 
are  based  on  two  or  three  inpatient  levels  with  combination  adjacent  li^it  care 
units,  generally  on  grade. 

The  capability  to  grow  is  tyvofold: 

(1)  by  adding  inpatient  units  onto  the  structural  transfer  zone ; 

(2)  by  adding  incremental  modules  (Figure  3,2-26). 

The  growth  options  and  final  nominal  configurations  are  based  on  a  basic 
expansion  pattern,  which  utilizes  the  existing  primary  nodes.  The  growth 
options  have  been  conceived  within  certain  constraints  to  permit  better  con¬ 
figuration  comparisons.  A  summary  of  the  constraints,  or  system  rules  reflecting 
actual  conditions  which  may  be  found  follows: 

(1)  The  number  of  beds  in  each  new  nursing  unit  remains  34.  It  not 

only  simplifies  the  numerical  illustration  of  the  system's  capability, 
but  also  correlates  with  Medical  Health  Care  Review  Team's 
recommendation. 
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FIGURE  3.2-25.  "NEW  GENERATION"  MILITARY  HOSPITAL 

TOTAL  SYSTEMS  MODEL 
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500-BED  BASE  CONFIGURATION,  2  LEVEL  GROWTH  OPTION 
750-BED  BASE  CONFIGURATION,  3  LEVEL  GROWTH  OPTION 


FIGURE  3.2-26  SYSTEM  DESIGN  ALTERNATIVES 
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Vertical  growth  is  not  considered  desirable.  After  an  initial  con¬ 
figuration  is  in  place,  addition  of  new  levels  is  precluded,  except 
over  the  structural  transfer  zone. 

Lateral  growth  can  occur  in  increments  of  one  or  two  additional 
inpatient  units,  provided  space  is  reserved  for  this  contingency 
on  the  ambulatory  level.  From  a  system  operation  point  of  view  this 
type  of  growth  is  least  desirable;  it  also  constrains  development  of 
the  ambulatory  level. 

The  choice  of  initial  configuration  determines  the  limits  of  the  final 
or  ultimate  configuration.  Figures  3.2-27,  3.2-28,  and  3.2-29  illus¬ 
trate  the  250-bed,  500-bed,  750-bed  initial  configuration.  The  capability 
of  these  systems  to  grow  is  a  function  of  the  choice  between  two  or 
three  inpatient  levels,  and  the  initial  size  of  the  structural  transfer 
zone.  With  no  constraint  on  the  initial  configuration,  the  two-level 
system  can  grow  to  840  nominal  beds  and  the  three-level  system  can 
grow  to  1100  beds. 

Ambulatory  Zone 

The  ambulatory  level  can  grow  to  assume  any  configuration  required  to 
match  the  health  care  demand  in  this  area  and  this  growth  can  be  largely  inde¬ 
pendent  of  the  inpatient  area.  Diagnostic  support  services,  also  have  open-ended 
growth  capability. 

IMPROVEMENT  ANALYSIS 

The  general  design  concept  which  has  been  developed  does  not  represent 
a  fixed  facility.  The  various  illustrations  and  the  design  model  are  used  as 
tools  to  illustrate  the  performance  requirements  for  any  BLHCS  over  its  life 
cycle  within  a  uniform  system  of  organization.  The  organization  is  supported  by 
the  data  base  and  the  performance  requirements  based  on  the  characterization  of 
the  BLHC  Siystem.  The  design  model  is: 

(1)  A  tool  which  defines  the  criteria  for  improved  BLHC  Systems; 

(2)  A  methodology  which  can  be  used  to  test  various  construction 


(2) 


(3) 


(4) 
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FIGURE  3.2-28.  500  BED  CONFIGURATION 


FIGURE  3.2-29.  750  BED  CONFIGURATION 
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technologies  and  cost  variables  within  the  stated  planning  and  design 
guidelines; 

(3)  A  concept  for  a  new  building  type . 

The  comprehensive  nature  of  Base  level  Ifealth  Care  suggests  that  a 
homogeneous  hospital  type  which  anticipates  only  the  initial  demands  for  health 
care  is  not  adequate.  The  facility  concept,  must  be  redefined  in  terms  of  a 
system  of  environments  responsive  to  variety  in  patient  care  demands,  care 
intensity,  and  processing  and  supported  by  variable  technology  and  services. 

A  System  of  Health  Care  Environments 

Many  non-homogenous  elements  must  be  integrated  into  an  operational 
system  based  upon  precise  analysis  of  the  various  functional  interfaces  and  a 
definition  of  the  appropriate  physical  and  environmental  characteristics  of  each 
element.  These  elements  include: 

(1)  Inpatient  units  with  uniform  environment  (climate,  aseptic),  personal 
convenience  elements,  medical  and  professional  support. 

(2)  High  technology  support  areas  with  medically  intensive  functions 
(Surgery,  intensive  Care,  Cardiac  Care,  and  Delivery  and  Nursery 
areas). 

(3)  High  volume  personnel  processing  areas  containing  ambulatory  clinic 
functions  with  a  moderate  demand  for  space  and  environment  but  a 
high  flow  capability,  relying  on  administrative  and  medical  support 
functions  such  as  Medical  Records,  Pharmacy,  Radiology,  and 
Clinical  Laboratories. 

(4)  Supporting  service  areas  containing  the  system's  administrative  and 
administrative  sujport  functions  such  as  Dietary,  Supplies,  Ware¬ 
housing,  Housekeeping,  and  Mechanical  Services. 

These  elements  correspond  to  change  and  growth  over  the  system's  life  cycle, 
at  the  lowest  tc*al  cost. 
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Capable  of  Variable  Construction  Technology 

Since  BLHC  Systems  are  typically  conceived  as  homogeneous  building 
types,  uniform  construction  technology  is  usually  carried  throughout  the 
structure.  For  example,  short-span,  poured -in-place,  reinforced  concrete 
technology'  applicable  for  the  upper  stories  which  are  usually  nursing  units  may 
be  imposed  on  ground  level  areas  where  such  technology  is  a  major  constraining 
factor.  Tlie  choice  of  technology  is  generally  the  architect's  who  may  not  be 
aware  of  the  long  term  needs  of  the  facility. 

New  programming  criteria,  more  closely  related  to  the  concept  of  a 
non-homogeneous  facility,  should  be  established.  At  least  four  major  non- 
homogeneous  elements  of  the  facility  have  previously  been  identified.  Criteria 
which  can  readily  be  translated  into  sub-system  ’nardware,  building  components, 
and  construction  technology  have  been  developed  to  permit  various  potential 
solutions  to  be  analyzed  for  each  element.  Consequently,  an  array  of  con¬ 
struction  options  can  be  maintained  until  the  final  construction  bids  are  generated; 
this  will  offer  great  flexibility  in  adapting  to  least  cost,  local  practices,  and 
available  compatible  manufactured  items. 

Initial  constructiai  criteria  based  on  both  non-homogeneous  elements  and 
the  design  logic,  will  substantially  affect  the  manner  in  which  facilities  are 
designed,  built,  altered,  and  expanded.  Such  criteria  are  based  on  a  greater 
appreciation  of  the  initial,  change,  and  growth  capabilities  required  of  the 
system. 

Capable  of  Variable  Construction  Costs 

Current  planning  procedures  designed  to  meet  initial  capability  result 
in  aggregated  space  allocations,  expressed  in  square  feet,  for  individual 
hospital  areas.  An  estimated  construction  cost  per  square  foot,  predicated  on 
a  fixed  time,  size,  and  past  experience,  and  modified  by  regional  factors  is 
applied  to  tinis  aggregation.  This  regional  factor  which  is  reviewed  and  updated 
regularly,  is  applied  to  all  elements  uniformly. 
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If  the  total  facility  is  designed  and  constructed  using  a  non-homogeneous 
concept  illustrated  by  the  design  logic,  widely  varying  construction  cost  levels 
will  result  for  each  major  facility  element.  Highest  costs  will  accrue  to  highly 
specialized  medical  care  areas  with  their  concentrations  of  high  technology, 
such  as  operating  suites,  delivery  suites,  recovery  and  intensive  care  areas, 
nursing  areas,  and  the  nursery.  Moderate  costs  will  be  associated  with 
nursing  units  generally  designed  to  cope  with  moderate  and  light  inpatient  care 
and  low  costs  with  the  high  volume  ambulatory  treatment  areas. 

Through  performance  criteria  relating  to  change  and  growth,  a 
different  construction  technology  and  building  component  selection  will  be 
applied  to  each  area  The  highest  cost  area  has  a  very  permanent  spatial 
organization;  most  of  the  internal  walls,  for  example,  can  be  built  of  solid 
masonry  combined  with  long  span  heavy  construction  and  elaborate  mechanical, 
electrical,  and  plumbing  sub-systems.  This  area  will  not  undergo  major 
internal  change  over  its  life  cycle  and  will  grow  by  addition  of  major  units  such 
as  additional  operating  suites. 

The  moderate  cost  area  has  a  less  |>ermanent  spatial  organization  with 
more  attention  given  to  effecting  change.  The  internal  walls  may  be  built  of 
steel  studs  and  gypsum  board  instead  of  masonry,  using  relatively  short  span, 
light -weight  "motel"  style  construction  with  less  elaborate  electrical,  mechanical, 
and  plumbing  sub-systems. 

The  least  costly  area  is  designed  for  extremely  rapid  and  frequent 
change  and  large  scale  growth  over  its  life  cycle.  In  this  area  less  certainty  of 
prediction  will  be  possible  for  each  major  sub-element.  Indeed,  the  only 
certainty  is  change.  The  primary  effort,  therefore,  will  be  to  organize  the 
major  flow  patterns  of  people  and  materiel  through  the  sub-elements  while 
still  providing  for  change  and  growth.  This  will  be  accomplished  by  coupling 
long  span  construction  with  easily  demountable  partitions  for  internal  space 
divisions  and  sub-systenB organized  to  permit  convenient  change.  Such 
flexibility  is  possible  because  this  area  generally  requires  the  lowest  level  of 
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technology.  Although  subsystem*!  such  as  Clinical  Laboratories  and  Fhdiology 
require  special  treatment,  their  growth  is  predictable  based  on  modules  of 
activity. 

Costs  can  be  estimated  not  only  for  each  major  element  but  for  eaeh 
major  sub-element  as  well.  Major  sub-6ystem  elements  which  are  central  and 
common  to  several  areas  (elevators,  materiel  handling  systems,  major 
electrical  entry  and  distribution  systems  up  to  the  secondary  transformers, 
major  mechanical  equipment  such  as  chillers  ami  cooling  towers)  can  be  estimated 
separately  anc  their  costs  apportioned  according  to  their  usage  by,  or  impact 
on,  the  various  facility  elements. 

Cost  forecasting  is  comprised  of  two  major  elements: 

(1)  Initial  or  acquisition  costs; 

(2)  long  term  or  life  cycle  costs. 

To  permit  more  accurate  appraisals  of  projected  first  costs  a  new  approach  to 
developing  improved  cost  guidelines  and  criteria  is  being  generated  as  part  of 
the  design  logic.  This  approach  emphasizes  computer-based  appraisal 
techniques;  it  is  keyed  more  to  discrete  building  elements  than  the  present  con¬ 
ventional  aggregation  of  square  foot  allowances  and  uniform  cost  allocation  per 
square  foot.  In  addition,  allowance  should  be  made  for  cost  escalations 
encountered  between  planning  and  construction  contract  awards. 

To  match  demand  with  costs  over  a  20-  to  25-year  life  cycle,  a  planning 
tool  based  on  dynamic  optimization  has  been  developed.  It  is  being  refined 
and  its  limitations  defined  by  depicting  certain  costs  and  performance 
characteristics  of  oldor-style  hospitals.  By  combining  the  population  demand 
model,  the  dynamic  optimization  process,  and  a  detailed  characterization  of 
construction  and  operating  costs  for  the  proposed  new  hospital  concepts,  an 
optimal  strategy  can  be  generated  for  any  specific  BLHC  System.  Any  or  all 
of  the  major  parameters  can  be  varied  to  develop  life  cycle  costs,  ineluding 
raising  the  rate  of  construction  cost  escalation,  raising  the  rates  paid  to 
hospital  |>crsonncl,  dramatically  and  suddenly  changing  demand  to  simulate  a 
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major  mission  change,  imposing  lengthy  delays  between  need  recognition  and 
fulfillment,  or  imposing  very  tight  budget  constraints.  Using  computer  analysis, 
the  results  can  be  used  to  examine  various  decision  options,  such  as  physical 
configurations  and  their  impact  on  life  cycle  cost.  This  planning  tool  will 
be  a  valuable  aid  to  decision-making  when  planning  and  constructing  specific 
BLIIC  Systems. 

Variable  Technology  and  Cost  Matrix 

A  specific  tool  has  been  developed  to  illustrate  the  capabilities  of  the 
design  model  to  accept  technology  and  cost  variables  within  the  discrete  activity 
zones.  Table  3.2-4  displays  the  technology  options  as  functions  of  unit  costs  for 
each  activity  zone  of  the  BLIIC  System.  The  summary  matrix  aggregates  the 
cost  results  and  a  least-cosi  path  can  be  defined  against  the  performance 
objectives  of  the  BLIIC  System.  The  detailed  analysis  for  the  major  activity 
zones  and  individual  functional  elements  was  prepared  by  McKec-Berger  Mansueto 
(See  Appendix  3.2-1). 

SENSITIVITY  ANALYSIS 

The  design  concept  provides  an  organization  and  configuration  which 
achieve  the  sensitivity  objectives  stated  for  the  design.  The  specific  sensitivity 
analysis  which  will  demonstrate  this  is  the  hypothetical  Base  "X”  which  is  a 
test  example  with  assumed  operational  and  mission  variables  over  its  life  cycle. 

However,  the  design  concept  remains  sensitive  to  several  specific  factors: 

(1)  Geographic  location 

(2)  Land  availability 

(3)  Site  conditions  and  topography 

(4)  Constraints  of  existing  facility  elements. 

For  any  given  geographic  location,  the  most  appropriate  technological 
application  to  the  design  concept  may  not  be  available.  This  may  result  in 
slightly  modified  capability  or  somewhat  higher  initial  cost  for  that  location. 

The  availability  of  land  is  also  critical  to  the  design  concept.  The  hori¬ 
zontal  configuration  requires  a  larger  site  than  the  conventional  health  care 
facilities,  and  the  future  growth  capability  it)  contingent  on  the  availability  of 
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1.0  Foundations 

- 

- 

- 

- 

3.00 

3.00* 

2.0  Super  Structure 

2.1 

Steel  frame,  concrete 
fireproofing  and  slabs 
(US  Steel  Scheme) 

7.87 

8.43 

13.49 

7.87 

- 

9.15* 

•>  O 

Steel  frame,  concrete 
fireproofing  and  slabs 
(Bethlehem  Scheme  A) 

0.30 

10.05 

23.27 

7.87 

- 

11.85 

2.3 

Steel  frame,  concrete 
fireproofing,  and  slabs 
(Bethlehem  Scheme  B) 

8.70 

9.75 

21.87 

7.87 

- 

11.35 

2.4 

Steel  frame,  concrete 
fireproofing,  and  slabs 
(Bethlehem  Scheme  C) 

6.27 

6.40 

10.10 

7.87 

- 

7.65 

2.5 

Reinforced  concrete 
slabs,  beams,  columns 

8.43 

9.12 

23.61 

6.33 

- 

10.97 

2.6 

Metal  deck  &•  concrete 
slab  (Inpatient  level 
only) 

- 

- 

- 

7.87 

- 

- 

2.7 

Precast  concrete 
(Inpatient  level  only) 

- 

- 

- 

8.12 

- 

- 
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3.0  Exterior  Wall 


3,1  Face  brick,  masonry 
back-up  (Cavity) 

2.95 

4.75 

1.95 

2.40 

- 

2.89 

3.2  Face  brick,  masonry 
back-up  (solid) 

3.2G 

5.07 

2.15 

2.62 

- 

3.15* 

3. 3  Stucco  facing, 
blockwall 

2.73 

4.31 

1.83 

2.20 

- 

2.67 

3.4  Precast  concrete 
panels 

3.84 

5.96 

2.57 

3.10 

- 

3.72 

3.5  Glass  &  metal 
panels 

3.95 

6.14 

2.65 

3.19 

- 

3.83 

4.0  Interior  Finish 

4. 1  Austere 

11.08 

18.24 

8.10 

9.35 

- 

11.15 

4.2  Average 

13.04 

20.28 

8.60 

10.48 

- 

12, 60* 

4.3  Generous 

15.50 

23.35 

9.00 

13.10 

- 

14.80 

5.0  Roof  system 

- 

- 

- 

- 

.85 

.85* 

6.0  Casework 

1.90 

3.00 

.70 

2.30 

- 

2.00* 

fABLE  3.2-1-  (Cont'd) 
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COSTS  BY  LEVEL,  AREA. AND  BUILDING  SYSTEM 
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SUMMARY 
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SERVICE 

INPATIENT 

CONSTANT 

TOTAL  COSTS 

7.0  Plumbing 

3.15 

4.43 

2.10 

4.36 

3.60* 

Heating, 

8.0  ventilating  and 

air  conditioning 

8.1  All  air/induction 

9.74 

10.65 

4.40 

4.35 

1.86**  7.42 

8.2  All  air/fan  coil 

9.65 

10.55 

4.36 

4.31 

1.84**  7.35 

8.3  All  air/incremental 

9.19 

10.05 

4.15 

4.10 

1.75**  7.00* 

9.0  Electrical 

4.86 

6.05 

8.36 

6.11 

.98**  6.55* 

10.0  Elevators 

- 

- 

- 

- 

1.10  1.10* 

*  Costs  of  Test  Configuration 
**  Mechanical  and  Electrical  Equipment 
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land  to  accommodate  the  building  growth  as  well  as  the  increased  parking  require¬ 
ments. 

Site  conditions  and  topography  must  be  evaluated  on  an  individual  basis 
for  each  application  of  the  Design  Cbnccpt.  Varying  site  conditions  may  or  may 
not  have  advantages  in  terms  of  costs.  The  long  spans  of  the  structural  transfer 
zone  require  fewer  footings  and  in  difficult  soil  conditions  would  require  fewer 
fills.  In  turn,  the  larger  foundation  slab  area  may  be  more  costly  under  other 
circumstances. 

The  location  of  existing  health  care  facilities  on  the  selected  site  may  be 
a  constraint  in  the  siting  and  orientation  of  the  Design  Concept  relative  to  the  most 
desirable  flow  patterns.  The  degree  of  sensitivity  of  the  design  to  these  factors 
must  be  evaluated  in  each  specific  case.  None  of  these  factors  except  land 
availability  is  critical  to  the  realization  of  the  Design  Gbncept's  capabilities. 


CONCLUSIONS  AND  RECOMMENDATIONS 

A  veiy  critical  element  in  the  basic  needs  of  the  BLHC  System  is  the 
time  lag  between  the  perception  of  need  for  a  BLHC  facility  and  occupancy  of 
the  completed  building.  This  lag  is  translated  into  both  direct  cost  and  changed 
demands  and  requirements  for  operations.  Since  the  facility  is  the  most  fixed 
resource  in  the  System,  its  inability  to  respond  to  change  becomes  an  oper¬ 
ational  constraint.  Also,  emphasis  on  least  first  cost  ultimately  results  in 
higher  life-cycle  costs. 

Three  major  needs  or  problems  have  been  identified  in  the  present 
process  of  facilities  design. 

(1)  Anticipate  the  dynamics  of  demand  on  a  BLHC  facility  over  the 
life-cycle. 

(2)  Forecast  operational  requirements  of  the  BLHC  facility  over  its 
life-cycle,  i.e.,  utilization,  patient  mix,  staffing,  a^d  health 
care  trends. 
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(.'{)  Translate  requirements  into  appropriate  design  and  implementation 
specifications,  including  specific  statements  of  the  operational  and 
performance  objectives  for  the  BLHC  facility  over  its  life  cycle. 

These  needs  are  answered  with  specific  study  results  for  immediate 
implementation  in  the  1972  test  facility  and  short-term  R&D  to  support  the 
15)72  design,  as  well  as  long-term  K&D  programs  applicable  to  1975-80.  The 
System.  Design  concept  illustrates  the  performance  requirements  for  any 
BLIIC  System  (250  to  750  bed)  over  its  life  cycle  based  on  the  outputs  of  the 
Demand  Model.  It  does  not  represent  a  fixed  building  with  a  master  plan  for 
expansion,  rather  the  concept  is  responsive  to  the  varying  health  care  demands: 
initial  health  care,  change,  and  growth. 

•  Initial  Health  Care 

Within  the  overall  organizational  logic  based  on  the  detailed 
characterization  of  the  BLIIC  System,  a  wide  range  of  initial 
configuration  options  can  accommodate  inpatient,  ambulatory, 
and  ancillary  support  functions.  These  requirements  can  be 
varied  independently  as  a  result  of  policy  directives  and  sliding 
scale  criteria. 

•  Change 

The  Design  Concept  allows  for  change  and  modifications  in  the 
various  activity  zones  most  susceptible  to  change.  This  concept 
includes  the  structural  transfer  zone  which  creates  large  un¬ 
obstructed  space  and  the  pattern  of  mechanical  services  which 
permits  modification  of  specific  areas  without  disturbing 
other  areas. 

•  Growth 

Within  the  overall  organization  logic,  any  initial  configuration 
can  grow  within  the  rules  and  constraints  of  that  logic.  This 
gi’owth  capability  is  based  on  stated  objectives  for  the  various 
sized  BLHC  Systems.  Further,  the  growth  of  functional 
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elements  (radiology,  clinical  laboratories,  ambulatory  clinics, 
nursing  units)  can  be  achieved  individually  without  compromising 
the  operational  capability  of  the  System.  The  design  elements 
which  create  this  capability  are  the  structural  transfer  zone,  the 
pattern  of  horizontal  and  vertical  mechanical  servicing,  and  the 
open-ended  configuration  of  the  individual  functional  areas. 

To  forecast  operational  characteristics  of  the  BLHC  facilities  over 
their  life  cycle,  the  Design  Concept  accommodates:  changing  utilization 
policies,  changing  patient  mix,  changing  staffing  patterns,  and  changing 
health  care  trends  and  technology. 

•  Changing  utilization  policy 

The  arrangement  of  the  inpatient  areas  permits  increasingly 
higher  utilization  in  all  levels  of  care  by  the  swing  capability 
between  the  various  care  levels  and  the  progression  of  the 
patient  through  the  health  care  system.  The  incorporation 
of  light  care  units  within  the  total  inpatient  system  permits 
these  units  to  be  progressively  upgraded  to  higher  levels  of 
care  during  the  System's  life  cycle. 

•  Changing  staffing  pattern 

The  inpatient  areas  are  not  designed  for  a  specific  staffing 
pattern  but  accommodate  variable  patterns  according  to  levels 
of  patient  dependency.  Differential  spans  of  control  can  be 
used  by  nursing  and  by  administrative  and  ward  management. 

•  Changing  health  care  trends  and  technology 

The  degrees  of  flexibility  planned  for  the  various  activity 
zones,  reflect  the  relative  rates  of  change  in  these  health 
care  activities.  The  ambulatory  care  zone  is  the  most  dynamic 
and  is  a  key  element.  The  accessibility  of  both  horizontal 
and  vertical  mechanical  services  permits  the  upgrading  of 
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those  services  to  accommodate  new  environmental  and  service 
requirements  in  the  various  functional  areas. 

I  lie  Design  Concept  translates  the  requirements  into  appropriate  design 
and  implementation  specifieations. 

•  The  Design  Concept  can  be  implemented  within  the  current  policies 
and  criteria  and  is  less  sensitive  to  the  time  lags  inherent  in  the 
process. 

•  Without  destroying  the  overall  organizational  logic  the  reduced 
sensitivity  allows  the  Design  Concept  to  respond  to  changing 
requirements  caused  by  the  time  lag. 

•  The  individual  cost  elements  can  be  manipulated  based  on 
various  construction  and  technology  alternatives  for  individual 
functional  areas.  The  capabilities  of  the  configuration  for 
future  growth  and  change  may  result  in  higher  initial  cost; 
however,  the  concept  of  life-cycle  cost/benefits  will  result 

in  savings  for  the  total  cost  of  the  facility. 

•  The  constant  organizational  logic  for  the  BLHC  System  designs 
reduces  the  sensitivity  of  the  facility  to  the  problems  of  dis¬ 
continuity  in  the  planning  and  design  process. 

•  The  Design  Concept  illustrates  the  operational  characteristics 
and  performance  requirements  for  BLHC  Systems.  Each 
individual  design  configuration  can  be  evaluated  against  these 
characteristics.  The  sub-elements  such  as  radiology, 
surgery,  and  the  ambulatory  clinics,  similarly  illustrate 
individual  requirements  of  these  elements  within  the  overall 
organizational  logic. 

The  System  Design  Concepts  are  responsive  to  the  needs  and  problems 
found  in  the  present  BLHC  facilities.  They  will: 

•  Respond  to  the  operational  objectives  of  the  BLHC  System. 
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•  Meet  life-cycle  performance  requirements  of  a  RUil'  System 
while  maintaining  the  System's  organization  logic. 

•  Reduce  sensitivity  of  the  Design  Concept  to  the  uncontrolled 
time  lags  inherent  in  the  planning  process. 

The  Design  Concept  is  fully  responsive  to  the  health  cure  roeommemintions 
which  have  been  defined  In  the  Medical  ll<  ;lth  l'ar«  1<  am  lor  the  "New 
Generation"  PLUG  Svstem.  Mierostndies  of  suh-.svsteins  further  identify 
specific  responses  to  t ho  recommendations. 

The  evaluation  of  the  cost  characteristics  of  the  Design  Concept 
indicates  that  the  capabilities  of  the  design  are  not  purchased  at  initial  cost 
penalty.  Trade-offs  hypothesized  between  the  individual  ;icti\  itv  zones  of 
the  Design  Concept  have  produced  an  overall  facility  which  is  competitive 
with  conventionally  designed  health  care  facilities.  The  Design  Concept 
qualifies  as  a  major  improvement  alternative.  The  degree  of  benefit  is 
based  on  how  the  concept  is  applied  to  a  specific  BIJIC  System.  Westing- 
house  recommends  ihat  this  concept,  as  defined  and  illustrated  In  the 
design  model,  become  the  framework  and  basis  for  the  "Ncyv  Generation" 

Military  Hospital  design. 

SHORT  TERM  R&D 

1.  Proceed  with  Phase  n,  considering  it  a  short-term  R&I)  effort 
in  itself.  Part  of  the  Phase  II  R&D  yield  yvill  be  definitions  of 
new  criteria  and  requirements  for  incorporating  the  various 
technological  options  and  improvement  alternatives  into  design 
specifications  for  NGMII  facilities. 

LONG  TERM  R&D 

1.  A  long  term  R&I)  effort  should  be  undertaken  to  determine  the 
feasibility  of  market  aggregation  for  Dol)  health  care  facilities 
for  application  of  industralized  building  components.  The 
objectives  arc  reduced  first  cost  and  reduced  design  and 

construction  time. 
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;{-3  Operations  Analyses 


INTRODUCTION 

The  West  in-house  Study  TVam  eoneent  rated  on  a  systems  analysis  of 
those  improvement  areas  which  affect  the  flow  and  control  of  patients,  staff, 
communications  and  materiel  between  the  major  functional  subsystems  of  the 
BLHC  System,  as  well  as  those  management  functions  which  affect  the 
operations  within  each  subsystem. 

The  ten  functional  areas  analyzed  in  this  study  are  called  "functional 
subsystems,"  although  these  areas  often  relate  to  management  option.*  which 
eross  many  functional  lines.  Tor  each  functional  subsystem  the  broad  re¬ 
quirements  of  the  RFQ  were  used  as  a  guideline  in  devising  improvement 
alternatives  for  more  effective  ;ind  efficient  Base  Ia;vel  Health  Care  Systems 
without  lowering  the  quality  of  care  delivered. 

Most  study  team  members  involved  in  the  improvement  analyses  also 
participated  in  the  data  gathering  and  data  inventory  process  at  the  primary 
and  secondary  study  hospitals  and  have  first  hand  knowledge  of  the  System 
and  the  "real  life"  environment  into  which  proposed  alternatives  would  be 
introduced.  Team  members  not  part  of  the  original  data  gathering  process 
were  chosen  for  expertise  in  a  specific  function  area. 

Characterization  of  the  Present  System 

The  most  obvious  characteristic  of  the  BLHC  System  was  the  variation 
observed  between  specific  facilities  —  even  within  the  same  serviee  —  in 
terms  of  costs  and  resources  for  the  performance  of  equivalent  tasks  in  the 
delivery  of  health  eare  or  support  services.  In  many  eases  this  variation 
could  be  attributed  to  lack  of  uniform  accounting  procedures.  However, 
analysis  of  labor  and  materials  eost,  and  use  data  revealed  many  substantial 
differences  derived  by  detailed  analysis  of  the  nine  primary  and  secondare 
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BI..IIC  Systems  and  confirmed  by  data  collected  across  the  services.  Many 
of  these  differences  in  costs  could  be  related  to  two  basic  issues: 

1.  whether  the  facility  was  operating  above  the  capacity  for  which 
it  was  originally  designed 

2.  whether  the  patient  mix  was  more  or  less  acute  in  nature. 

Part  of  the  fundamental  variations  between  facilities  was  related  to 
management  ability,  and  part  to  how  well  the  physical  facilities  provided 
for  gross  operating  capacity.  Staffing  patterns  were  generally  related  to  total 
days  of  inpatient  stay  at  a  facility  rather  than  to  the  patient  mix.  Little 
evidence  of  management  controls  were  found  which  could  identify  the 
resources  expended  for  a  given  patient's  progression  through  the  System, 
including  his  post  hospitalization  treatments.  Such  resource  utilization 
profiles  are  needed  to  develop  consistent  management  tools  which  permit 
comparison  of  performances  to  levels  of  care  both  within  and  between 
BLHC  Systems. 

The  second  most  obvious  System  characteristic  was  its  extreme 
dependence  on  labor  at  all  skill  levels.  This  does  not  mean  that  labor  can 
or  should  be  eliminated;  nevertheless,  a  system  so  labor  dependent  is 
vulnerable  in  several  ways: 

l.  Cost  of  labor  may  escalate  due  to  factors  beyond  the 
management  control. 

2.  Labor  may  become  scarce  or  even  unavailable. 

3.  Quality  of  labor  may  decline  and  impair  system  operation. 

Both  military  and  civilian  health  care  systems  throughout  the  country 
exhibit  this  labor  dependence  and  have  suffered  all  three  of  these  effects. 
High  turnover  within  the  military  due  to  normal  duty  rotation  does  not 
permit  the  individual  to  srain  sufficient  familiarity  with  a  job  or  with  co¬ 
workers,  and  often  contributes  to  a  lower  level  of  skill  and  teamwork 
than  is  desirable.  This  occurs  at  all  levels. 
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Currently,  the  escalation  rate  of  labor  cost  is  less  in  the  military 
than  in  the  civilian  sector;  howcvc  \  the  supply  of  labor  is  finite  and 
should  be  treated  as  a  scarce  resource.  If  the  disparity  between  labor 
costs  in  the  military  and  civilian  sectors  continues  to  increase,  the 
military  health  care  system  wili  i)C  increasingly  faced  with  labor  shortages 
or  labor  of  a  lower  caliber. 

One  result  of  this  labor  dependence  is  the  limitation  it  places  on  the 
system's  ability  to  grow  and  change.  This  sensitivity  extends  beyond  the 
capability  of  adding  more  beds  or  changing  the  general  level  of  care  in 
existing  beds,  since  changes  in  the  workload  of  a  labor  dependent  system 
generally  require  disproportionate  additions  to  the  labor  force  at  all  levels 
including  supervising  roles. 

Effective  management  of  a  complex  system  depends  on  the  aeeuracy, 
availability,  and  relevanee  of  the  data  for  the  most  significant  elements  in 
the  system.  Only  when  armed  with  the  right  faets  can  management  make 
the  right  decisions.  The  managers  of  a  BUIC  System  face  the  challenge 
of  efficiently  applying  speeifie  resources  of  facility’,  staff,  and  supplies  to 
a  eomplex  set  of  health  care  demands.  This  is  based  on  a  sophisticated 
knowledge  of  the  resources  being  applied  to  eaeh  patient  at  eaeh  step  of 
his  care,  and  the  ability  to  adjust  nearly  constant  facilities  and  staff  to 
the  variations  in  the  resources  required  to  perform  these  functions. 

In  the  BLHC  Systems,  the  most  significant  example  of  data  manage¬ 
ment  is  the  handling  of  individual  medieal  records  whieh  provide  the  key 
to  many  decisions  relating  to  overall  facility  management.  Most  data, 
however,  were  handwritten,  hand  earried  between  functional  elements,  and 
laboriously  hana  filed  and  retrieved.  Even  the  best  system,  dependent  on 
manual  transmission,  storage,  and  retrieval  of  data,  will  never  be  * 
capable  of  performing  these  functions  adequately,  slnee  the  very  nature 
of  the  data  demands  will  generate  more  paper  work  which  will  ultimately 
decrease  the  effectiveness  of  the  system.  However,  the  BLHC  Systems 
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do  not  have  tin*  liest  manual  methods  for  data  flow;  their  operational  needs 
in  this  area  have  not  been  used  as  an  integral  element  in  the  design 
process.  \s  a  result,  as  the  system  reaches  and  exceeds  the  capacity 
for  which  it  was  designed,  it  deteriorates  at  an  accelerating  rate. 

i  he  labor  dependence  combined  with  the  formidable  data  flow  within 
the  system  inevitably  produces  inefficiencies.  Some  general  examples  of 
this  problem  are: 

•  'he  amount  of  laboratory  tests  rerun  because  of  lost  records 

**  the  higher  number  of  days  in  light  care  as  the  system  becomes 
larger  due  to  less  efficient  discharge  procedures 

•  the  number  of  return  visits  required  due  to  the  extended  time 
required  to  complete  tests,  record  the  results,  and  return 
them  to  physicians 

•  the  amount  of  food  wasted  daily  because  dietary  needs  are  not 
adequately  forecast 

•  the  high  cost  of  inventory  carried 

•  the  loss  of  physicians'  and  nurses'  time  to  purely  administrative 
demands  or  housekeeping  decisions 

The  design  of  facilities  can  be  blamed  for  some  of  these  inefficiencies 
but  bv  no  means  all  of  them.  In  many  cases  management  policies  or 
traditional  procedures  interfe  e  with  the  most  effective  use  of  the  scarcest 
resources.  As  a  result,  the  highest  cost  lJJ.bor  within  the  BLHC  System  is 
often  used  for  a  function  which  could  l>c  performed  by  less  skilled  and  less 
costly  personnel  at  no  loss  of  quality  in  the  patient  care  process. 


TKCIINICAI.  APPROACH 
Problem  Identification 

From  the  system  characterization  the  major  problems  relating  to 
HUICS  operations  can  be  listed. 
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•  The  reporting  and  measurement  methods  used  in  the  current 
Systems  are  largely  historical  accounting  devices  not  intended 
to  be  decomposed  and  related  to  patient  care  dynamics.  Many 
current  measures  of  performance  tend  to  reward  low  cost  of 
operation  per  se  without  regard  to  the  patient  mix  and  system 
througtput. 

•  The  system  is  labor  dependent  with  adverse  effects  on  the  flow 
of  data  and  materiel,  the  effectiveness  of  resource  utilization, 
and  efficiency. 

•  System  operations  tend  to  be  performed  manually  because  lowest 
first  costs  arc  usually  most  compatible  with  manual  performance. 

These  problems  are  so  broad  that  they  apply  to  almost  every  area 
of  operations  in  the  system.  To  focus  on  the  most  productive  areas,  the 
team  established  a  list  of  the  most  likely  improvement  areas  drawing 
upon  knowledge  of  civilian  health  care  systems.  After  the  initial  data 
gathering  effort,  this  list  was  refined  to  include  ten  major  areas  for 
analyses: 

(1)  Communications  and  Data  Management 
(2.)  Materiel  Handling 
(3.)  Dietary 

(4*)  Clinical  Laboratories 
(5.)  Dental 

(6.)  Outpatient  Departments 
(7.)  Ward  Management 
(8*)  Education  and  Training 
(9>)  Pharmacy 
(10  •)  Radiology 
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Objectives 

The  following  objectives  were  established  for  analysis  of  each  of  the 
ten  problem  areas; 

(1)  The  recommended  improvement  alternative  should  show  a  pro- 
speetive  simple  or  life  cycle  cost  reduction  over  the  present  method  of 
operations  or,  have  a  high  probability  of  simple  or  life  cycle  retrospective 
cost  savings  in  comparison  with  the  present  methods  of  operation. 

(2)  Cost  savings  should  lie  effected  by  introducing  technology  or 
management  concepts  which  reduce  the  system's  labor  intensity. 

(3)  Where  cost  savings  cannot  be  readily  estimated  cither  retro¬ 
spectively  or  prospectively,  the  improvement  alternative  must  be  directed 
at  either  reducing  the  system's  dependency  on  labor  or  improving  the 
efficiency  and  effectiveness  of  a  higher  echelon  of  labor.  These  can  be 
accomplished  by  developing  procedures  which  will  produce  the  same  end 
result  using  a  lower  echelon  of  labor. 

(4)  All  recommended  alternatives  must  be  aimed  at  reducing  the 
system's  sensitivity  to  change  and  growth. 

(5)  All  hardware -based  improvement  alternatives  must  be  fully 
operational  by  1972;  the  "New  Generation"  Military  Hospital  should  be  a 
prototype  which  will  not  prohibit  the  facility'  from  performing  its  mission 
if  the  prototype  fails  to  work  as  expected. 

((i)  All  recommended  alternatives  must  be  able  to  perform  as 
claimed  without  lowering  the  quality*  of  health  care. 

(7)  All  recommended  alternatives  must  minimize  factors  which 
might  inhibit  the  rapid  introduction  of  1975  improvements. 

(8)  All  recommended  alternatives  should  be  implementable  within 
the  policies  of  procurement  and  operations  of  the  Federal  Government  and 
the  Do I),  or  with  reasonable  modifications  to  these  procedures. 
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Measures  of  Effectiveness 


For  the  analyses  of  the  ten  major  areas,  the  computed  workload  of 
each  area  served  as  the  objective  measure  of  effectiveness.  Workload  was 
calculated  as  a  function  of  inpatient  l>eds  or  outpatient  visits,  or  both, 
using  data  collected  at  the  study  BL11C&.  Cost  analyses  for  each  alter¬ 
native  under  the  computer  workload  determined  the  ordering  of  the  alter¬ 
natives. 

In  the  Systems  Application  (Base  "X"),  workloads  for  each  area 
were  computed  as  a  function  of  time,  using  the  Westinghouse  Demand  Model. 
These  time -varying  workloads  were  then  cost  analyzed  to  arrive  at  the 
recommended  alternative  for  Base  "X". 

Subjective  qualitative  measures  of  effectiveness  were  considered  as 
well  as  the  evaluations  by  the  Medical  Health  Care  Review  Team,  who 
considered  the  effect  of  alternatives  on  quality  of  patient  care,  convenience, 
and  acceptability  by  staff  and  patients.  Their  professional  judgments  were 
weighed  as  part  of  the  cost/benefit  analysis. 

Synthesis  of  Alternatives 

The  first  step  in  the  process  of  synthesizing  alternatives  for  each 
study  was  to  use  the  data  inventory  to  portray  the  major  characteristics  of 
the  present  methods  of  operation.  Although  the  methods  vary  for  each 
study,  several  common  characteristics  exist: 

•  The  initial  facility  costs  and  costs  for  increments  of  growth. 

•  The  components  of  labor  cost,  including  man  hours,  base 
pay,  and  fringe  benefits. 

•  The  costs  of  materials  associated  with  the  specific  operation. 

To  show  the  impact  of  size  on  a  facility,  these  items  were  determined  for 
an  array  of  different-sized  facilities. 
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State-of-the-art  documents  were  examined  to  select  potential, 
available  improvement  alternatives.  Using  consulting  manufacturers'  data, 
user  data  and,  in  some  cases,  estimates,  component  parts  of  the  alter¬ 
natives  were  compared  with  parts  of  the  present  system.  Some  alternatives 
were  less  complex  to  evaluate  than  others,  and  some  specific  alternatives 
were  represented  by  only  one  concept  or  procedure.  In  some  cases,  such 
as  Surgicenter,  the  Team  suggested  improvement  alternatives  where  no 
specific  problem  had  previously  been  identified. 

Analysis  of  Alternatives 

Three  basic  types  of  analyses  were  used  where  appropriate: 

1-  Life  Cycle  Cost  Savings  Analysis 
2*  Breakeven  Cost  Analysis 
3.  Benefit  Analysis 

1.  In  the  life  cycle  coJt  savings  analysis,  each  improvement 
alternative  was  characterized  and  analyzed  to  allow  investment  in  facilities, 
operating  costs  of  labor,  and  operating  costs  of  materials  to  be  generated 
against  some  common  output  base  (for  example,  labor  cost  to  prepare  a 
single  average  meal).  These  data  were  then  inserted  into  a  formula  to 
determine  the  "present  value"  total  life  cycle  cost  of  each  alternative  for 
each  scale  of  output.  Each  evaluation  used  the  following  common  con¬ 
siderations: 

•  the  period  of  years  representing  the  "life"  of  the  operation; 

•  annual  inflation  rate  in  the  cost  of  labor  to  operate  the  system; 

e  annual  inflation  rate  in  the  cost  of  materiel  used  in  the  process; 

e  annual  inflation  rate  in  the  cost  of  materiel  used  to  generate 

the  system  output. 

To  perform  sensitivity  analyses  simply  and  quickly,  each  of  these  factors 
was  used  as  a  parameter  variable  in  the  present  value  equation  below. 
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where  PV  =  present  value 
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discounted  at  an  interest  rate  ot  (1).  For  this  study 
a  constant  cost  of  money  factor  of  10%  was  used. 

Tj  =  annual  rate  of  escalation  in  the  cost  of  labor  attributed 
to  the  alternative  under  study.  Foi  all  analyses  a 
rate  of  4%  was  used. 

r  =  annual  rate  of  escalation  in  the  cost  of  supplies  contained 
in  the  output.  For  all  analyses  a  rate  of  0%  was  used. 

r  =  annual  rate  of  escalation  in  the  cost  of  materials  used 

O 

to  generate  the  system  output.  For  all  analyses  a 
rate  of  0%  was  used. 

Cj  =  annual  cost  of  labor  to  produce  a  given  level  of  output 
for  each  alternative. 

C  =  annual  cost  of  materiel  contained  in  this  output. 

C  =  annual  cost  of  materiel  used  to  generate  this  output. 

u 

.  S  =  salvage  value. 

This  format  was  developed  to  use  a  computer-based,  evaluation  program 
previously  generated  by  'Vestinghouse  for  similar  types  of  analyses. 

(2.)  The  breakeven  cost  analysis  calculated  allowable  cost  to  determine 
the  potential  saving  in  using  automated  over  manual  alternatives.  The 
allowable  cost  was,  in  effect,  the  amount  which  could  be  allocated  for  auto¬ 
mating  to  achieve  a  breakeven  point,  or  level  at  which  overall  cost  to  the 
system  is  no  greater  than  is  the  existing  system.  This  analysis  required  a 
detailed  statement  of  the  system's  performance  requirements,  an  evaluation 
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of  the  capability  of  each  alternative  to  reduce  system  costs,  and  the  upper 
and  lower  bounds  of  obtainable  cost  savings.  Then,  each  of  the  more 
promising  alternatives  was  evaluated  by  whether  the  alternative  would 
reduce  labor  dependency,  system  sensitivity  to  change  and  growth,  and 
sensitivity  to  technological  obsolescence. 

( 3.)  These  cost  benefit  analyses  related  to  those  areas  of  operations  where 
quantification  of  expected  savings  or  increased  efficiency  was  not  possible, 
however,  expert  judgment  indicated  that  these  items  will  contribute  to  a 
more  efficient  and  effective  BLHC  System  within  the  framework  of  objectives. 

Some  of  the  recommendations  generated  by  the  Medical  Review  Team 
are  examples  of  these  alternatives. 

Sensitivity  Analyses 

Sensitivity  analyses  were  performed  on  every  functional  sub-system,  to 
a  greater  or  lesser  degree,  depending  on  the  nature  of  the  analysis  and  the 
importance  of  the  alternative.  These  analyses  tested: 

(1)  Whether  the  alternatives  were  characterized  in  a  comparable 
manner  on  performance  and  cost; 

(2)  The  validity  of  the  alternative  against  variations  in  the  major 
elements  of  the  analysis  as  a  result  of  the  impact  of  economic 
factors  such  as  rates  of  inflation  and  costs  of  money; 

(3)  The  impact  of  changes  in  the  character  and  size  of  the  operation. 

The  first  of  these  tests  was  extremely  important  because  it  allowed  the 
Study  Team  to  use  "hard"  and  "soft"  data  from  a  wide  variety  of  sources. 
Wherever  doubts  existed  about  data  being  used,  an  analysis  could  im¬ 
mediately  be  generated  on  the  degree  of  allowable  error. 

The  second  test  was  designed  to  determine  the  impact  of  basic 
economic  pressures  over  which  the  BLHC  System  management  has  little  or 
no  control.  The  two  basic  issues  were:  (1)  whether  the  alternative  rank¬ 
ings  change  due  to  changes  in  any  of  these  areas  and,  if  so,  to  what  degree 
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and  (2)  whether  the  alternative  being  recommended  shows  greater  or  lesser 
sensitivity  to  changes  in  the  economy  than  the  present  system.  The  best 
alternative  was  the  one  least  affected  by  issues  not  controllable  from  within 
the  system  and  which  exhibit  a  lower  cost  increase  than  the  present 
alternative. 

The  third  test  was  designed  to  establish  the  sensitivity  of  any  alter¬ 
native  to  change  and  growth  compared  to  the  present  method.  An  alternative 
favorable  on  all  other  counts  but  extremely  sensitive  to  change  and  growth 
was  not  adequate  for  the  BLHC  System. 

This  section  describes  the  general  processes  used  in  analyzing  the 
ten  functional  areas.  Because  each  of  the  areas  is  unique  in  some 
respects,  each  individual  improvement  analysis  and  the  resulting  recom¬ 
mendations  are  discussed  in  detail  in  the  following  sections. 


3.3-11 


COMMUNICATIONS  AND  DATA  MANAGEMENT 


The  communication  and  data  management  function  coordinates  the  many 
hospital  activities  to  facilitate  effective  delivery  of  health  care.  Although 
discussed  separately  in  the  State -of-the -Art  volume,  communications  and 
data  management  were  analyzed  as  one,  since  all  total  Information  networks 
which  fulfill  the  system’s  data  management  needs  also  incorporate  the  more 
advanced  communications  alternatives. 

As  the  function  which  hinds  and  coordinates  other  functions,  communi¬ 
cations  and  data  management  provides  patient  and  resource  management 
information  necessary  for  the  delivery  of  health  care.  The  importance  of 
data  exchange,  interaction,  and  manipulation  within  and  between  the  many 
base  level  health  Care  Systems  cannot  be  overemphasized  since  all  manage¬ 
ment  and  health  care  decisions  depend,  to  some  degree,  on  the  availiability 
and  accuracy  of  data. 

Technical  Approach 

Our  technical  approach  to  studying  and  analyzing  communications  and  data 
management  consisted  of  four  phases:  (1)  documentation  of  present  methods; 

(2)  data  summary;  (3)  activity  identification;  and  (4)  user  needs  definition. 

Documentation  was  obtained  from  three  DoD  hospitals,  using  computer 
programs  to  characterize  the  present  communications  methods.  The  follow¬ 
ing  reports  (detailed  in  the  Data  Inventory  volume)  formed  a  basis  for 
analysis: 

(1.)  Reference  listings  of  all  data  collection  —  Computer  Report  No.  11 
(2.)  Statistical  averages  —  Computer  Reports  Nos.  41  and  42 
(3.)  Use  of  Forms  —  Computer  Report  No.  32 
(4.)  Reports  on  Resources  —  Computer  Reports  Nos.  51  and  52 
(  5.)  Problem,  Resource,  Suggestion,  and  Trend  Analysis  —  Computer 
Reports  Nos.  62-65 
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(  6.)  Information  Volume  by  Communication  Mode  —  Computer  Report 
No.  81 

(  7.)  Information  Volume  by  Source  —  Computer  Report  No.  82 

(  8.)  Information  Volume  by  Destination  —  Computer  Report  No.  83 

(  9.)  Information  Volume  by  Urgency  —  Computer  Report  No.  84 

(1C.)  Information  Volume  by  Purpose  —  Computer  Report  No.  80 

(11.)  Work  Sampling  Observation  Analysis 

All  data  collected  were  categorized  by  18  hospital  functions: 

(  1 . )  Ward  Management 
(  2. )  Supply 
(  3. )  Dietary’ 

(  4. )  Pharmacy 
(  5. )  Administration 
(  6. )  Operating  Room 
(  7. )  Dispensaries 
(  8. )  Clinics 
(  9. )  EKG  Lab 
(10.)  Emergency  Room 
( 11. )  Maintenance 
( 12.  )  Radiology 
( 13. )  Housekeeping 
(14.  )  Medical  Records 
(15.  )  Clinical  Laboratory 
(16.  )  Physical  Therapy 
(17.  )  Dental 
(18.  )  Personnel 

Data  Summary.  The  collected  communications  data  was  summarized  and 
a  set  of  communications  profiles  characterizing  the  existing  system  were 
prepared  for  incoming  and  outgoing  documents  by  purpose  and  type.  (See 
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Inventory  volume.)  These  profiles  identify  those  functions  which  are 
the  major  communications  users.  Initial  conclusions  are: 

(1.)  Of  the  is  functional  areas  observed,  six  (Ward  Management, 
Clinics,  Registrar,  Clinical  Laboratory',  Pharmacy,  and 
Radiology)  account  for  approximately  80  percent  of  the  total 
communications  traffic. 

(12. )  Only  10  percent  of  the  total  communications  volume  travels 
via  existing  communication  equipment  —  90  percent  are  hand 
carried  (a  large  portion  by  patients).  Figure  3.. 3-1  gives  a  break¬ 
down  of  hand-carried  records  by  area. 

(3.)  Over  90  percent  of  these  hand-carried  documents  could  be 
transmitted  by  an  efficient  automated  communication  network. 

File  categories  thought  necessary  for  BLHC  operation  did  not  vary 
directly  with  hospital  size.  There  are  353  file  categories  at  Beaufort 
(280  beds),  217  at  Andrews  (350  beds),  and  304  at  Fort  Dix  (1,000  beds). 

The  number  of  file  categories  per  functional  areas  as  well  as  file  com¬ 
position  within  the  functional  areas  varied  considerably,  except  for  medical 
record  files,  which  are  almost  equal  in  composition  at  the  three  BLHC 
Systems. 

The  Andrews  AFB  files  were  examined  to  determine  which  files 
could  be  computerized  and  to  determine  annual  file  maintenance  costs. 

Figure  3.3-2  shows  a  file  analyses  for  the  six  largest  functions  representing 
93  percent  by  volume  of  all  the  files  at  Andrews.  Figure  3.3-3  gives  a 
breakdown  of  one  of  those  functions  (Ward  Management)  showing  the  specific  files 
which  could  be  automated.  This  shows  that  over  135.5  file  maintenance 
man  hours  per  month  and  64.  G  file  access  man  hours  per  month  can  be 
saved  by  automation. 
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FIGURE  3.3-1  PERCENTAGE  BREAKDOWN  OF  VOLUME  OF  HAND- 
CARRIED  RECORDS  (90. 3  %  of  total  communications  load). 


File 

Function 

Cumulative 
File  Size 

%  Total 

Annual  File 
Maintenance  Cost 

Radiology 

192,399 

33% 

$  33,645.08 

Registrar  (Med  Rcc) 

176,100 

30% 

245,129.28 

Clinical  Lab. 

124,700 

21% 

7,940.64 

Ward  Management 

30,014 

5% 

10,588.68 

Pharmacy 

12,370 

2% 

2,661.12 

Outpatient  Clinics 

12,011 

2% 

57,263.76 

$357,228.50 


The  above  functions  account  for  approximately  93%  by  volume  of  all  files 
at  Andrews  Air  Force  Base. 

FIGURE  3.3-2  FILE  ANALYSIS  FOR  ANDREWS  AIR  FORCE  BASE 
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Input 

Output 

No. 

Man 

File  Name  for 

I  lours /Month 
Maintenance 

Man  Hours/Month 
for  File  Access 

311110 

Weekly  O.  It.  Schedule 

5.3 

2.0 

3-111-11 

Surgery  Register 

18.  7 

2.8 

311121 

inpatient  Clinical  Rec. 

100.0 

35.0 

3  11211 

oil  Previous  Inpatient  Records 

0.0 

1.3 

311 230 

Inpatient  Location 

0.0 

10.5 

3  1-1231 

()B  Previous  Patient  Locator 

0.3 

0.3 

31-1 200 

Narcotic  Log  &•  Chief  File 

9.0 

12.0 

31-1201 

Supply  Requisition  File 

0.7 

0.2 

TOTAL 

135.2 

04.7 

FIGURES.  3-3  Al  TOMATABLE  WARD  MANAGEMENT  FILES  -  ANDREWS  AFB 

Activity  Definition,  Activities  within  the  six  major  functions  were  then 
identified.  Ward  management  activities,  for  example,  include  patient  care, 
administrative  and  clerical  duties,  housekeeping,  training  new  employees, 
traveling  between  hospital  functions,  and  non-productive  time,  none  of 
which  are  automated. 

Communications  links  between  particular  tasks  (both  intra-  and  inter¬ 
functional)  are  detailed  in  the  Data  Inventory  volume. 

Definition  of  User  Needs.  Based  on  knowledge  of  the  BLHC  System 
operation  gained  during  data  inventory  and  work  sampling,  a  comprehensive 
set  of  user  needs  in  cor  munications  and  data  management  was  developed. 
Each  improvement  alternative  was  examined  for  its  ability  to  function 
within  this  framework  and  to  reduce  manual  effort. 

Improvement  Alternatives 

Improvement  alternatives  described  in  the  State-of-the-Art  volume 
are  grouped  into  three  categories: 
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I.  Commonly  known  and  used,  such  as  messenger,  U.  S.  Government 
mail,  private  mail,  public  address,  motion  pictures,  and  the 
conventional  telephone. 

II.  Medium  advanced  equipment  commonly  incorporated  into  all- 
encompassing  total  information  networks.  Such  equipment 
includes  teletypes,  intercoms,  paging  systems,  telewriters  and 
facsimile  equipment,  closed  circuit  television,  and  microfilm. 

III.  Total  information  networks,  usually  computer  based,  and  with 
varying  abilities  to  meet  the  communications  and  data  manage¬ 
ment  needs  of  the  BLHC  System. 

Groups  i  awl  II  were  not  analyzed  in  detail;  selected  components  were 
evaluated  to  determine  tine  feasibility  of  combining  them  with  alternatives  from 
Group  III.  Eight  of  the  improvement  alternatives  are  described  below 

'1.)  National  Data  Communication  Corporation  Real  Time  Electronic 

Access  Communication  for  Hospitals  (REACH)  is  a  totally  integrated 
communication  and  data  management  network.  The  user  has  direct  access 
to  computerized  data  base  via  a  specifically  designed  cathode  ray  tube  (CRT) 
with  a  special  20-key  keyboard,  or  a  typewriter  keyboard.  These  keys 
plus  a  special  user  identification  card  allow  the  physician,  nurse,  and/or 
technician  to  select  standard  phrases  which  can  be  stored  in  the  patient's 
record.  Hard  copy  is  simultaneously  printed  at  remote  locations  when 
necessary.  Using  the  keys  plus  standard  keyboards,  pre -admitting, 
scheduling  of  ancillary  services,  patient  accounting,  or  narcotic  medical 
data  can  be  entered.  Most  medical  or  administrative  data  can  be  handled 
by  program  statements  that  appear  on  the  CRT  screen.  Nurses'  notes, 
doctors'  orders,  patient  histories,  and  narrative  progress  notes  can  be 
typed  as  a  patient  record  or  phrases  can  be  selected  by  the  physician  or 
nurse  from  a  structured  program  text.  Any  staff  member  can  be  allowed 
to  use  restricted  segments  of  the  patient  x’eeord. 
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ItKAt'll  software  is  considered  prop riotiry  hv  the  National  Data 
Communication  Corporation  anti  is  provided  to  the  hospital  (including  a 
complete  operations  ind  maintenance  stuff)  as  a  utility.  Limited  batch 
data  processing  is  performed  in  the  user  hospital  on  a  Honeywell  51(5 
Computer;  additional  computer  processing  is  done  at  the  regional  center 
it  Dallas,  Texas,  using  a  llonevwell  1 200  Computer.  ItKACii  includes 
computer  output  microfilm  (COM)  for  major  administrative  reports  and 
completed  medical  records  of  discharged  patients. 

'  2. )  The  HIM  Corporation's  Medical  Information  System  Package  (M1SP) 
is  the  most  widely  used  hospital  information  network.  M1SP  is  an 
executive  control  program  able  to  switch  messages  from  remote  terminals 
on  a  real  time  basis.  SilAS  (Shared  Hospital  Accounting  System)  is 
commonly  employed.  In  the  basic  hardware  configuration  for  the  MISP/ 

SilAS  package,  data  entry  anti  output  are  primarily  from  1092-1093  pro¬ 
grammed  keyboards  and  the  1052  typewriter,  not  a  CRT  screen.  The 
operator  can  visually  select  data  by  pressing  the  appropriate  button  on  a 
12S-kcv  keyboard.  Keyboards  for  data  input  are  faster  but  less  flexible 
than  video  input. 

MISP/SIIAS  prints  reminders  and  test  results,  stores  patient  data, 
handles  Inquiries,  switches  messages,  and  produces  administrative  reports; 
it  significantly  reduces  administrative  paperwork  and  provides  the  basis 
for  a  total  hospital  Information  network.  Video  display  apr  ications  in  the 
admissions  office  are  currently  under  development  at  sevc  ral  locations. 

(  3.)  Hie  burroughs  Corporation  "On-line  Medl  Data  System"  Is  a  time- 
shared  concept  serving  up  to  1500  beds  In  multiple  locations  from  a  central 
site.  The  user  can  directly  interface  with  the  central  files  using  a 
cathode  rav  tube  linked  dire  v  to  the  central  processor.  Hard  copy  Is  produced 
by  R033  teletypes  controlled  by  small  computers  (the  U300)  located  at  the  remote 
hospital  facility.  The  Burroughs  concept  maintains  the  handwritten  doctor's 


3.3-18 


orders  and  patient  history.  A  specially  trained  terminal  operator  (replacing 

the  ward  clerk)  uses  specific  coties  to  enter  data  at  the  CRT  terminal .  Expanded 
orders  are  immediately  printed  lor  verification  at  various  ancillary  services. 

Department  work  schedules,  assignments,  statistics,  test  results, 
patient  bills,  and  administrative  reports  are  available  through  the  infor¬ 
mation  retrieval  program  in  each  department's  CRT  terminal  or  teletype.  The 
results  of  ancillary  services  work  (for  instance,  test  resuits)  are  trans¬ 
mitted  to  the  central  computer  and  redirected  to  the  appropriate  nursing 
station  where  they  are  printed  ;ind  manually  inserted  into  the  patient's 
chart. 

( 4.)  Sanders  Associates  Communication  and  Data  Management  System 

(formerly  Clini-Call  Hospital  Information  System)  consists  of  three 
major  software  packages:  business  accounting,  medical  data  management, 
and  laboratory  data  management.  These  three  packages  are  integrated  to 
form  the  standard  version  of  the  "Hospital  Data  Management  System." 

Data  input  is  via  a  light  pen,  used  to  select  standard  phrases  or 
words  which  appear  on  the  CUT  screen  at  each  terminal.  The  computer 
maintains  files,  sorts  information,  and  summarizes  and  routes  specific 
communications  throughout  a  health  care  system.  Computer  checks  are 
made  on  drug  and  other  ancillary  service  requests  against  stored  lists 
of  normal  limits. 

The  business  and  accounting  package  provides  the  routine  adminis¬ 
trative  services  such  as  accounting,  payroll,  inventory  control,  and 
general  ledgers. 

The  Medical  Data  Management  Package  handles  physician  orders, 
test  results,  and  dietary  requests.  User  identification  cards  are  required 
when  orders  or  specific  information  should  be  available  only  to  authorized 
personnel. 

The  Laboratory’  Data  Management  Package  uses  the  common  data 
base  of  the  total  network  for  maximum  efficiency.  It  frees  the  technician 
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of  clerical  duties,  such  as  recording  or  verifying  test  results  and  writing 
logs,  i»v  creating  oatient  worksheet  files,  specimen  collection  lists, 
specimen  labels,  and  printout  of  all  test  results. 

(5.)  The  Lockheed  Space  and  Missile  Company  Medical  Information  System 
(MIS-l)  is  a  centralized  medical  data  service  center  that  provides  an 
inter-reactive  video  terminal  with  a  light  sensing  pen  and  typewriter  key¬ 
board.  MIS-1  combines  the  time  sharing  concept  with  rapid  access 
capability  and  enables  physicians  to  review  data  at  the  CRT  terminal.  It 
operates  similarly  to  the  REACH,  Medi-Data,  and  Sanders  alternatives 
described  above.  MIS-1,  however,  offers  local  printers  (A.B.  Dick  ink¬ 
jet)  at  each  nursing  station  which  prepare  numerous  routine  reports  for 
patient  and  administrative  management,  such  as  discharges,  24  hour  and 
shift  summaries,  admitting  and  medication  record),  patient  status  reports, 
transfer  and  admitting  notices,  new  medical  orders,  and  requisitions. 

(<0  The  ITT  Standard  Real  Time  Patient  Information  System  stores 
patient  status  data  in  a  computerized  file  and  displays  the  data  periodically 
or  continuously.  Data  is  fed  into  the  computer  via  a  remote  keyboard,  is 
stored,  and  can  be  instantly  retrieved  and  displayed  at  any  remote  CRT 
location.  Graphs,  laboratory  reports,  test  results,  and  other  pertinent 
patient  data  are  transmitted  among  intensive  care  units,  coronary  care 
units,  operating  laboratories,  head  physicians  office,  the  X-Ray  consultation 
room,  and  other  selected  locations.  Since  this  alternative  is  highly  patient- 
oriented,  it  cannot  route  messages  like  standard  orders  or  capture  charges 
for  services  performed. 

Currently  in  use  at  the  Karolinska  Institute  in  Sweden,  this  alter¬ 
native  can  expand  to  a  total  information  network.  Long  range  plans  are 
to  integrate  it  with  the  National  Medical  Information  System  under  develop¬ 
ment  at  the  Danyard  Hospital  in  Stockholm  County. 
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(7.)  The  Medelco  Total  Hospital  Information  System  (THIS)  is  used  primarily 
as  a  data  input  and  transmission  device,  not  for  data  retrieval.  Card  readers 
feed  data  from  coded  prepunched  cards  into  the  main  central  processor,  which 
then  sorts  the  data  and  instantly  transmits  it  to  all  preselected  print  terminal 
locations  throughout  the  BLIIC  System.  Charges  are  generated  each  day  and  are 
provided  in  a  daily  batch  output  compatible  with  most  computer  systems. 

(8.)  Control  Data  Corporation,  Honeywell  and  Uni  vac  offer  computerized 
accounting  nardware  and  software  systems,  all  of  which  have  basically  the 
same  package  with  some  differences  in  procedures  and  type  of  output.  The 
major  difference  is  their  integration  into  a  time-shared  total  information  system. 
User  Needs 

All  total  information  networks  and  their  software  are  effective  in  at  least 
one  hospital  function.  Each  was  considered  for  its  medical  acceptability, 
potential  for  1975  implementation,  contribution  to  improved  patient  care,  and 
abilities  to  reduce  cost.  Figures  3.  3-4  through  3.  3-7  indicate  the  range  of  user 
needs  that  would  be  accommodated  in  a  complete  information  network  for  the 
BLIIC  System.  The  cost  figures  and  square  footages  are  based  on  actual  figures 
from  the  three  BLHC  Systems  studied.  Figure  3.3-8  illustrates  the  flexibility  of 
the  improvement  alternatives  studies  with  respect  to  incorporating  the  defined 
user  needs. 

Conclusions 

1.  Of  the  18  functional  areas  observed,  six  (Ward  Management,  Clinics, 
Registrar,  Clinical  Laboratory,  Pharmacy,  and  Radiologyl  account  for 
approximately  80  percent  of  the  total  communications  traffic. 

2.  Only  10  percent  of  the  total  communications  volume  travels  via  existing 
communication  equipment  —  90  percent  are  hand  carried. 

3.  Over  90  percent  of  these  hand  carried  documents  could  be  transmitted  by 
an  efficient  automated  communication  network. 

4.  A  significant  amount  of  directly  measurable  cost  can  be  saved  in  the  six 
key  functional  areas  by  displacing  manual  activities  with  computer  based 
systems.  The  amount  of  savings  is  sufficient  to  justify  introduction 
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of  computer  based  systems. 

(  5.)  In  addition  to  quantifiable  costs  there  are  other  considerable  benefits, 
such  as  reduced  record  loss  and  more  rapid  record  completion. 

(0.)  Most  information  networks  can  fulfill  today's  administrative  requirements; 
a  few  can  satisfy  medical  information  network  requirements,  and  only 
one,  REACH,  can  fulfill  the  storage  and  retrieval  needs. 

(7*)  Computers,  currently,  are  not  economical  mass  storage  devices,  especially 
for  medical  records  storage.  Adequate  data  storage  and  retrieval  capa¬ 
bilities,  however,  are  available  which  interface  with  other  current  hospital 
information  methods,  that  do  not  currently  use  microfilm  as  a  storage 
medium  (See  Appendix  3.3-1). 

( 8. )  Only  one  alternative,  ITT-Standai’d  Radio,  best  fulfills  the  physiological 
data  acquisition  needs  for  the  NGMH;  research  programs  must  be  defined 
and  implemented  to  satisfy  most  requirements. 

(9. )  A  computerized  BLHC  information  system  can  be  cost  justified. 

( 10. )  The  more  comprehensive  automated  information  system  cannot  be  justi¬ 
fied  unless  the  subjective  benefits  can  be  realized. 

(11. )  Only  the  least  expensive  and  rudimentary  information  system  can  be  cost 
justified  i  i  BLHCS  below  400  beds. 

(12. )  Distribution  is  a  minor  cost  factor. 

Recommendations 

While  it  is  impossible  to  implement  a  completely  computerized  BLHCS 
information  network  at  present  because  of  current  hardware  and  software 
limitations,  the  capability  for  a  total  system  should  still  be  built  in.  Westing- 
house  recommends,  therefore,  that  consideration  be  given  to  initial  installation 
of  a  central  dedicated  processor  with  time-sharing  capability.  Although  this 
processor  cannot  be  cost  justified  initially,  it  will  provide  the  capability  for 
incorporating  a  complete  information  network  as  software  and  hardware  develop¬ 
ments  are  forthcoming. 

Any  system  adopted  should  have  the  following  essential  features: 

•  A  central  processor  dedicated  to  the  NGMH  system; 
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•  Time-sharing  by  functions  within  the  system; 

•  Computer  software  will  use  a  commonly  shared  data  base  with  a 
natural  language  interface; 

•  Basic  input/output  media  should  be  a  CUT,  or  a  television  format 
device  with  limited  hard  copy  capabilities. 

We  also  recommend  that  Do!)  sponsor  a  short  term  research  and  development 
program  to  investigate  the  use  of  microfilm  for  the  production,  storage,  and 
retrieval  of  data  and  its  applicability  to  BLHC  Systems.  (See  Appendix  3,3-1) 

Evaluation  Criteria 

Each  alternative  was  evaluated  for  its  abilities  to: 

(  L  )  Reduce  patient  stay; 

(2-  )  Reduce  lost  records  in  order  to  eliminate  repeat  laboratory  and 
radiology  procedures; 

(3*  )  Improve  physician  ar  i  auxiliary  personnel  utilization  through 
workload  leveling; 

(4*  )  Reduc-'  operating  cost  through  improved  inventory  control  and 
resource  utilization; 

(  5- )  Reduce  data  collection  records  by  sharing  a  common  data  base; 

(  G- )  Maet  NGMH  user  requirements  as  detailed  in  Figures  3.3-4  through  3.3-7. 

(  7. )  Eliminate  redundancy  in  recording  data ; 

(8.)  Provide  rapid  availability  of  data. 

Evaluation  Assumptions  ; 

( 1.  )  Initial  and/or  per-month  lease  costs  for  hardward  and  soft¬ 
ware  based  on  manufacturer's  estimates  or  Westinghouse 
derived  cost; 

(  2.  )  Twenty  percent  added  to  all  direct  personnel  costs  to  cover 
fringe  benefits ; 

(  3.  )  Useful  life  cycle  of  10  years  for  all  hardward  and  software 

( 4.  )  Inflation  rate  of  G  percent  and  4  percent  for  labor  and  operating 
costs,  respecitvely  ; 

(  a  )  Discount  rate  of  10  percent  for  money. 
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Cost/Benefit  Analysis 

The  cost/benefit  analysis  was  conducted  in  five  steps: 

(1*)  Estimate  the  personnel  costs  which  each  alternative  can  displace 
in  the  six  major  functions  and  activities  within  each  function, 
using  work  sampling  data.  Then  compute  an  annual  displaceable 
cost  for  250-,  380-,  and  750-bed  hospitals.  Tables  3.3-1  through  3.3-6 
estimate  annual  displaceable  cost  by  function  and  activity,  and  totals. 

(2*)  Estimate  cost  savings,  such  as  reduced  patient  stay 

(assumed  average  patient  stay  was  reduced  by  one  day),  reduced 

dietary  cost  (10  percent  through  computerized  menu  planning, 

and  improved  inventory  control  and  fiscal  management  (Table  3.3-7). 

( 3.)  Estimate  the  displaceable  floor  area  in  the  registrar  and  file 
storage  areas  (Table  3. 3-7). 

(4*)  Compute  each  alternative's  hardward  and  software  rental  cost, 
with  added  personnel  cost  when  applicable. 

(  5*)  Calculate  the  life  cycle  cost  for  each  improvement  alternative 

for  the  various  sized  hospitals,  using  inflation  rates  of  4  percent 
and  6  percent  on  subjective  savings  (Figures  3. 3-8.1  and  3.3-9). 

Figures  3.  3-8.1  and  3.3-9  compare  these  life  cycle  costs  with  the  maximum 
total  displaceable  personnel  cost  for  250-,  500-,  and  750-bed  hospitals, 
designated  "manual"  on  the  chart. 

To  use  the  graphs,  locate  hospital  size  (number  of  beds)  on  the 
horizontal  axis.  A  vertical  line  will  intersect  the  present  volume  for  each 
alternative  for  that  hospital  size.  The  difference  between  each  alternative's 
cost  and  the  manual  displaceable  cost  is  the  amount  a  given- sized  hospital 
can  afford  to  pay  for.  a  specific  alternative. 

For  example,  a  500-bed  hospital’s  total  life  cycle  cost  for  REACH 
is  about  $2,000,000;  total  displaceable  personnel  cost  is  about  $9,500,000. 
Therefore,  a  500-bed  hospital  will  save  $7,500,000  for  REACH  over  its 
life  cycle. 
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Considered  in  the  costA>cnefit  analysis  were  changes  in  discount  rate, 
labor  inflation  rate,  implementation  three  years  after  completion  of  hospital 
construction,  level  of  patient  dependency,  and  abilities  to  perform  labor- 
intensive  tasks.  Conclusions  are: 

1.  Lowering  the  discount  rate  from  10  percent  to  0  did  not  affect 
the  ranking  of  alternatives;  however,  cost  of  the  REACH  alter¬ 
native  improved  enough  to  closely  approximate  MISP's. 

2.  Increasing  inflation  rates  from  4  to  G  percent  did  not  affect 
the  alternatives'  rankings. 

3.  Delaying  installation  three  years  did  not  affect  the  alternatives' 
rankings . 

4.  Changes  in  the  level  of  patient  care  could  not  be  quantitatively 
measured.  However,  based  on  the  Westinghouse  data  inventory, 
communications  and  data  management  needs  increase  directly 
with  increased  patient  dependency,  and  computerized  information 
networks  would,  therefore,  become  more  attractive  on  a  cost/ 
benefit  basis. 

5.  Increasing  the  workload  30  percent  did  not  affect  the  alternatives' 
rankings,  and  it  increased  total  life-cycle  costs  only  10  percent. 

In  a  500-bed  hospital,  a  30  percent  increase  in  total  life-cycle 
costs  for  REACH  or  MISP  can  be  tolerated,  indicating  their 
abilities  to  withstand  cost  estimating  errors  without  sacrificing 
cost  justification. 


3.3-33 


MATERIEL  HANDLING 


.  Because  materiel  handling  involves  transporting  and  distributing  a  wide 
variety  of  equipment,  supplies,  and  reports  throughout  the  BLHC  system,  the 
function's  needs  cannot  be  adequately  fulfilled  by  one  mode  of  transportation  or 
one  piece  of  equipment.  Instead,  several  improvement  alternatives  mu3tbe 
combined. 

Technical  Approach 

The  Westinghouse  technical  approach  to  analyzing  materiel  handling 
encompassed  a  14  -step  program,  illustrated  in  time  sequence  by  Fig.  3. 3*-10, 
and  described  as  follows: 

Step  1  —  determine  functions  to  be  included  in  the  study. 

Step  2  —  generate  alternative  design  configurations  reflecting  varying 
numbers  of  stories  and  beds. 

Step  3  —  relate  each  function's  floor  area  requirements  to  hospital 
design  showing  the  relative  locations  of  each  function.  By 
specifying  the  areas  and  adjacencies,  the  analyst  can  calculate 
walking  rate  and  vertical  travel  time. 


Step  4  —  compute  point  to  point  distances,  horizontal  and  vertical 
utilizing  the  results  of  steps  2  and  3. 

Step  5  —  determine  function  adjacencies  and  patient  distribution  by 
care  level.  The  amount  of  materiel  handling  will  vary  with 
patient  mix;  for  example,  the  relative  proportion  and  distri¬ 
bution  of  bedcare  and  self-care  patients,  outpatients,  surgical 
cases,  and  deliveries. 

Step  6  —  collect  materiel  movement  data  for  each  BLHC  System, 
and  convert  the  data  to  a  standard  format  describing  daily 
activity  in  cubic  feet  with  suggested  delivery  times  and  fre¬ 
quencies.  To  further  establish  data  describing  current  practice, 
an  activity  plan  for  each  of  the  model  hospitals  was  made, 
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Step  7  — 


Step  8  — 


Step  9  — 

Step  10  — 
Step  11  — 
Step  12  — 

Step  13  — 
Step  14  — 


showing  trips/day  and  cubic  feet  of  supplies  received  by 
(Figures  3.3-11-3. 3-14,  The  activity  plan  related  daily  trips  and 
daily  cubage  by  origination/destination  pairs, 
reaggregate  original  data  to  obtain  new  travel  matrix  for 
each  design  configuration. 

determine  the  effects  of  improvement  alternatives  on  hospital 
materiel  flow.  When  any  alternative  is  selected  because  of 
cost  effectiveness,  significant  changes  in  materiel  flow 
patterns  can  be  expected.  To  calculate  the  equivalent  annual 
cost  of  automated  distribution,  for  example,  requires  only 
that  the  travel  matrix  be  adjusted,  while  other  factors  remain 
constant. 

define  and  describe  alternatives  to  be  analyzed,  based  on 
their  abilities  to  meet  evaluation  criteria. 

determine  adjusted  travel  matrix  for  each  design  configuration, 
calculate  annual  labor  costs  for  each  design  configuration, 
obtain  capital  and  incremental  construction  costs  for  each 
configuration. 

calculate  life  cycle  labor  costs. 

convert  all  costs  into  single  equivalent  annual  cost  using 
the  present  value  method  over  the  alternative's  life  cycle. 


Present  Alternative 

Data  gathered  in  eight  military  hospitals  as  well  as  in  a  previous  study 
on  the  volume,  frequency,  and  timing  of  materiel  handling  are  detailed  in  the 
Data  Inventory  volume  of  this  report.  At  present,  all  materiel  handling  in 
military  hospitals  is  done  by  personnel  who  push  carts,  carry  packages,  and 
generally  act  as  carriers  and  transporters.  Supply  closets  and  carts  are  located 
at  the  ward  unit  and  are  refilled  from  a  central  supply  closet  by  orderlies  as 
stock  becomes  low  or  sometimes  not  until  a  need  arises.  This  results  in  poor 
inventory  control  and  increased  cost  through  inefficient  utilization  of  nursing 
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Figure  3.3-11  -  Departure  Trips  From  Food  Service, 
750-Bed  Hospital 
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Figure  3.3-12  -  Arrival  Trips  to  Food  Service,  750-Bed  Hospital 
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Figure  3.3-13  -  Total  Trips,  Arrivals  and  Departures  for  Food  Service, 

750-Bed  Hospital 
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Figure  3.3-14  -  Total  Trip  Summary  for  750-Bed  Hospital 


unit  personnel.  Moreover,  because  the  possibility  of  running  out  of  a  parti¬ 
cular  item  is  unnecessarily  great,  physician's  time  is  often  wasted  while  necessary 
supplies  are  being  obtained.  This  may  lead  to  medical  procedures  being  post¬ 
poned  and  patient  stays  being  increased. 

Analysis  of  the  data  collected  by  the  Westinghousc  Study  ’Ifeam  resulted 
in  several  key  findings.  First,  the  patient  must  be  supported  by  a  wide  variety 
of  interdependent  communications  and  physical  transport  services  which  require 
a  wide  array  of  both  simple  and  sophisticated  equipment.  Second,  materiel 
handling  volume,  frequency  and  timing,  and  communications  are  highly  sensitive 
to  hospital  configuration,  that  is,  number  of  stories  versus  number  of  beds. 

Third,  selection  of  materiel  handling  alternatives  is  affected  by  patient  mix, 
walking  speed  and  the  technology  level  of  other  functions  such  as  dietary, 
pharmacy  and  communications.  These  sensitivity  factors  are  discussed  in 
detail  in  the  cost/benefit  analysis. 

Improvement  Alternatives 

Westinghouse  analyzed  five  improvement  alternatives,  ranging  from 
completely  manual  to  highly  automated,  which  appear  to  offer  the  greatest 
potential  for  cost  savings.  A  detailed  qualitative  evaluation  of  the  five  alterna¬ 
tives  is  presented  in  Table  3. 3-7.1 . 

1.  The  first  alternative  is  a  combination  of  the  best  manual  approach 
and  exchange  carts.  Two  carts  are  assigned  to  each  nursing  unit 
for  each  supply  area  considered;  one  cart  serves  as  a  storage  unit 
on  the  floor  while  the  other  is  being  refilled  to  the  proper  inventory 
level  in  the  supply  areas.  The  carts  are  rotated  between  the 
nursing  unit  and  central  supplies  or  other  supply  areas  at  a  conven¬ 
ient  time  (usually  daily)  from  a  traffic  and  workload  viewpoint. 

IV  solutions,  tongue  depressors,  linens,  and  other  items  which 
have  a  predictable  use  factor  are  distributed  by  exchange  carts; 
meals  and  drugs  are  handled  independently.  With  exchange  carts, 
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the  number  of  steps  in  the  distribution  cycle  can  be  reduced  from 
seven  to  one. 

Present  linen  distribution  involves  the  following  steps: 

a.  Remove  linen  from  folding  table  onto  cart 

b.  From  cart  onto  linen  room  shelves 

c.  From  linen  room  shelves  onto  cart 

d.  Take  carts  to  floor 

c.  Unload  linen  from  cart  and  place  in  floor  linen  cupboard 

f.  Count  and  load  onto  cart 

g.  Distribute  to  patients'  rooms. 

The  exchange  cart  alternative  involves  only  three  steps  and  can 
also  be  used  for  central  supply  items  sent  to  the  wards. 

a.  Load  linen  onto  cart 

b.  Take  cart  to  floor  storage  area  -  carts  serve  as  linen 
storage,  and  new  carts  are  delivered  once  every  24  hours 

c.  Use  carts  to  deliver  linen  to  patient's  room. 

Installation  of  the  exchange  cart  in  a  360-bed  hospital  in  Cincinnati 
(Christ  Hospital)  resulted  in  a  savings  in  linen  distribution  of  over 
$9,000  per  year. 

2.  Monorails  are  the  most  sophisticated  improvement  alternatives  and 
require  the  least  personnel.  According  to  extent  of  installation,  they 
may  be: 

a.  Installed  throughout  the  hospital  for  vertical  and  horizontal 
traffic.  Monorails  are  economical  only  in  large  hospitals 
with  many  service  points  and  level  changes. 

b.  For  horizontal  distribution  only,  with  automatic  transfer  to 
automatic  load-unload  dumbwaiters  for  vertical  transport. 

This  type  of  installation  is  more  economical  in  compact 
hospitals  and  low  volume  requirements  and  few  vertical  service 
shafts. 
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Monorails  u  a  single-track  network  which  can  be  installed  hori¬ 
zontally  ana/or  vertically  throughout  the  hospital  between  receiving 
and  dispatch  stations.  Traek  is  arranged  in  one-way  loops  to  allow 
continuous  flow.  Self-propelled  and  sterilizable  transporters,  each 
with  an  easily  detachable  container,  transport  all  materiel.  Receiving 
and  dispateh  stations  are  strategically  located  and  equipped  with 
controls  to  allow  operators  to  send  or  reeeive  transporters  to  or 
from  any  station. 

3.  The  driverless  truek  is  a  battery-powered  self-propelled  eart, 
guided  by  wires  embedded  in  the  floor.  It  can  deliver  90  pereent 
of  all  hospital  supplies  to  any  point  in  the  hospital  without  human 
assistance.  The  trucks  can  move  vertically  in  specially  designed 
elevators. 

4.  Power-and-Free  equipment  uses  power  chain  (trolley)  conveyors 
and  free  monorails  to  carry  the  conventional  hospital  cart  through¬ 
out  the  hospital.  Half-length  carts  can  be  used  to  transport  meals 
and  surgieal  or  obstetrical  kits.  Carts  are  dispatched  from  central 
supply  and  are  automatically  transported  to  their  destination.  Hori¬ 
zontal  and  vertical  movement  is  possible. 

5.  Airtube  assist  is  limited  to  transporting  soiled  linen  and  trash  from 
multiple  locations  to  a  central  collection  point.  Cylindrical  tubes 
transport  materiel  using  negative  pressures  supplied  by  a  suction 
blower.  The  number  of  depository  stations  is  unlimited,  and  opera¬ 
tion  is  effective  with  tube  lengths  of  up  to  2,000  feet. 

Other  alternatives  sueh  as  pneumatic  tubes  and  vertical  and  horizontal 
conveyors  were  considered  in  the  State  of  the  Art  volume  but  not  analyzed 
in  detail  because  their  advantages  and  disadvantages  arc  well  known. 
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Conclusions 

1.  Manual  materiel  handling  systems  have  proven  to  be  the  least  costly 
and  the  most  flexible  for  practically  all  BLI1C  System  sizes  and 
eonfigu  rations. 

2.  The  only  meehanical  devices  that  can  be  eost-justified  for  the 
BLIIC  Systems  are  automatic  dumb  waiters.  Even  so,  these  can 
be  eost  justified  only  when  associated  with  high-volume,  high  - 
frequency  type  of  movement  associated  with  conventional  dietary  systems. 

3.  Large-eross-seetion  pneumatie  tubes  ean  be  eost  justified  for  the 
removal  of  soiled  linens  and  trash.  These  systems  are  superior 
to  the  more  conventional  gravity  systems  because  their  potential 

for  horizontal  as  well  as  vertical  transfers  allows  the  designer  greater 
flexibility  in  locating  the  eolleetion,  compaction,  or  treatment  functions. 
The  annual  eost  for  Airtubes  is  easily  justifiable  by  personnel  time 
saved.  In  the  750-bed  hospital  this  is  also  the  lowest  cost  alternative. 

Recommendations 

1.  A  manual  materiel  handling  system  utilizing  exchange  earts  is 
recommended  for  all  new  BLHC  Systems.  All  major  items  should 
be  supplied  from  eentral  storage,  processing,  or  dispensing  areas. 

2.  The  feasibility  of  introducing  exchange  cart  procedures  into  existing 
BLHC  Systems,  should  be  investigated  as  soon  as  possible. 

3.  Large-cross-section  pneuma  tie  tubes  should  be  installed  in  all  new 
BLHC  Systems  to  accommodate  high-volume,  high  frequency  trash 
and  soiled  linen  removal. 

4.  Automatic  dumb  waiters  should  be  investigated  for  limited  use  in 
situations  where  high-volume,  high-frequency  non-level  workload 
patterns  oecur,  for  example,  conventional  dietary  systems. 

5.  The  StudyTeam  reeommends  that  design  and  manpower  criteria  be 
revised  to  allow  implementation  of  the  above  recommendations. 
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G.  The  1  ’owe r-und- Free  alternative  should  be  considered  for  200-  to 
000-bed  and  700-  to  800-bed  hospitals;  cost  curves  indicate  that 
the  alternative  becomes  cost-attractive  for  small  and  large  hospitals. 

Evaluation  Assumptions 

In  developing  costs,  the  following  assumptions  were  made: 

1.  Useful  life  of  25  years 

2.  No  salvage  value  at  end  of  useful  life 

3.  Elevator  speed,  200  fpm;  elevator  wait  time,  40  sec. 

4.  Annual  rate  of  personnel  cost  escalation  —  4  percent 

5.  Average  distance  between  vertical  transportation  system  and  point 
of  delivery  -  70  feet. 

G.  Average  direct  personnel  costs  -  $5500/year 

7.  Average  indirect  personnel  cost  -  $1100/year 

8.  Annual  rate  of  operating  cost  escalation  -  4  percent 

9.  Discount  rate  for  cost  of  money  -  10  percent 

Evaluation  Criteria 

In  addition  to  cost,  several  major  subjective  criteria  were  used  in  the 
evaluation: 

1.  Manpower  availability.  As  an  alternative  becomes  more  sophisti¬ 
cated  (or  automated),  the  number  of  men  needed  for  materiel 
handling  decreases,  but  their  skill  levels  often  increase  dramati¬ 
cally.  While  personnel  at  even  presently  needed  skill  levels 

arc  increasingly  difficult  to  find,  the  highly  skilled  personnel 
needed  for  the  more  sophisticated  alternatives  are,  and  will  continue 
to  be,  scarce  and  costly.  Therefore,  present  and  long-range  local 
labor  conditions  must  be  evaluated  prior  to  making  final  recommenda¬ 
tions. 

2.  Flexibility,  or  an  alternative's  ability  to  transport  a  wide  variety 

of  materiel  densities  and  volumes  to  the  correct  and  convenient 
point  in  the  hospital,  is  important.  In  general,  as  an  alternative's 

sophistication  increases,  flexibility  decreases.  The  most  flexible 
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alternative  is  totally  manual.  An  eeonomieal  and  benefieial  compro¬ 
mise  must  be  made  to  achieve  t  ie  desired  flexibility  in  terms  of 
hospital  design,  labor  availability,  and  expansion  plans. 

3.  Expandability  ean  be  important  if  population  projeetion  indieates 
major  facility  expansion  over  the  system's  life.  Extremely  sophisti¬ 
cated  alternatives  tend  to  be  difficult  to  expand,  while  conventional 
alternatives  are  altered  simply  by  adding  personnel  and  storage 
space. 

4.  Convenience  can  be  expressed  in  terms  of  patient  or  worker  satisfaction 
with  the  health  eare  delivered  regardless  of  cost  justification.  Dumb¬ 
waiters,  for  example,  arc  difficult  to  eost  justify;  however,  they 
improve  meal  aesthetics  simply  beeause  time  between  meal  prepara¬ 
tion  and  delivery  is  shortened,  enabling  the  meal  to  be  served  at  the  proper 
time  and  temperature.  In  addition,  when  used  to  deliver  other  supplies, 
the  dumbwaiter  may  sharply  reduee  manpower  requirements. 

Cost  Benefit  Analysis 

Westinghouse  evaluations  were  estimated  over  a  25-year  life  eyele  based 
on  the  evaluation  assumptions  previously  mentioned.  Costs  are  tabulated  in 
Table  3. 3-8.  Base  costs,  shown  in  column  1,  have  been  established  for  250-  500-, 
and  750-bed  hospitals.  Eaeh  hospital  is  also  considered  in  three  configurations: 
the  250-bed  hospital  in  2,  3,  or  4  stories;  the  500  in  3,  4,  or  5  stories;  and 
the  750  in  4,  6,  or  8  stories. 

To  determine  the  sensitivities  of  the  manual  alternative,  the  following 
changes  were  evaluated: 

1.  Reduee  walking  speed  25  pereent. 

2.  Adding  25  pereent  to  the  adjacent  distances. 

3.  Reducing  elevator  wait  time  25  pereent. 

Analysis  shows  that  eosts  are  relatively  sensitive  to  walking  rate,  and 
relatively  insensitive  to  adjaeeney  and  elevator  wait  time  beeause: 

1.  A  25  pereent  decrease  in  walking  rates  eauses  a  21  percent  annual 
eost  increase. 

2.  A  25  pereent  increase  in  departmental  adjaeeney  distances  eauses 
approximately  5  pereent  eost  increase. 
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3.  A  25  percent  decrease  in  elevator  wait  time  will  result  in  a  5  per¬ 
cent  annual  cost  reduction. 

Sensitivity  analysis  was  also  used  to  determine  the  effect,  on  all  alterna¬ 
tives,  of  the  following: 

1.  A  change  in  labor  fringe  benefits  from  20  percent  to  50  percent. 

2.  A  change  in  self-care  patients  from  50  percent,  which  approximates 
the  present  observed  patient  mix,  to  0  percent,  reflecting  the 
extreme  opposite  patient  mix  in  a  highly  aeute  facility. 

3.  A  change  in  the  salvage  value  of  equipment  from  0  percent  to 
50  percent  of  initial  investment. 

4.  Varying  the  discount  rate  from  10  pereent  to  6  pereent. 

Changing  salvage  values  does  not  affect  the  ranking  of  the  alternatives, 

beeause  of  the  high  discount  rate  and  the  long  life  eyele  used.  For  example, 
the  present  value  of  $1,000  to  be  received  in  25  years  discounted  at  10  percent 
is  only  $92.  Materiel  handling  is  sensitive  for  all  hospital  sizes  to  the  remaining 
three  conditions.  Detailed  results  are  show.  In  Figures  3.3-16  to  3.3-19,  (Figure  3.3-15 
is  the  norm  against  whieh  subsequent  graphs  are  arrayed). 

To  use  the  eost  graphs,  locate  the  hospital  size  (number  of  occupied 
beds)  on  the  bottom  horizontal  line  and  proeeed  vertically  to  the  cost  eurves 
for  each  alternative.  The  first  eurve  that  is  reached  will  be  the  most  justifi¬ 
able,  and  if  eost  is  the  primary  consideration,  all  alternatives  above  the  bottom 
curve  can  be  eliminated.  The  cost  graphs  shown  here  give  a  cost  range  for 
each  alternative  because: 

1.  The  eosts  were  not  determined  for  a  specific  hospital  configuration. 

2.  Initial  eosts  will  vary  according  to  manufacturer. 

3.  Complexity  and  completeness  of  many  alternatives  will  vary. 

The  eurves  as  they  are  currently  drawn  can  be  used  to  determine  the 

leading  contenders  for  a  given-sized  hospital.  The  contenders  ean  then  be 
evaluated  in  greater  detail  for  a  specific  configuration. 
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Material  handling  improvement  alternatives  cost  analysis 
16%  investment  discount  rate! 


DIETARY 


In  a  conventional  BLHC  System,  raw  foods  are  converted  to  finished 
meals  in  hospital  kitchens  and  transported  manually  from  the  kitchen  to  the 
wards.  Consequently,  a  disproportionate  share  of  available  health  care 
resources  are  diverted  to  running  and  maintaining  a  restaurant.  Adminis¬ 
trators  at  Beaufort,  Andrews,  and  Walson  hospitals  report  that  7  percent  to 
13  percent  of  the  total  operating  budget  and  9  percent  to  12  percent  of  the 
personnel  are  committed  to  preparing  and  serving  meals. 

Modern  technology  now  offers  alternative  methods  which  promise  to 
minimize  the  system's  commitment  to  dietary  without  diminishing  food 
quality.  These  alternatives  will  be  measured  against  their  ability  to  reduce 
costs  through  more  efficient  use  of  personnel  and  equipment  while  maintain¬ 
ing  quality. 

Our  base  for  comparison  is  the  presently  used  alternative  in  which 
unprepared,  uncooked  foods  are  delivered  to  a  large  hospital  kitchen  where 
they  are  stored  or  immediately  processed.  Processing  includes  uncrating, 
sorting,  cleaning,  cutting,  cooking,  portioning  onto  plates  and/or  trays,  and 
adding  utensils.  Completed  food  trays  are  then  placed  in  heated  and/or 
refrigerated  carts,  and  wheeled  to  wards  where  nurses  deliver  the  trays  to 
the  patient.  Used  dishes  and  trays  are  picked  up  by  nurses,  orderlies,  or  patients, 
replaced  in  the  cart,  and  returned  to  the  kitchen  for  washing.  The  entire 
procedure  consumes  an  inordinate  amount  of  personnel  time  and  is  highly 
inefficient  because  of  peaks  and  valleys  in  personnel  activity.  (See 
Figure  3.3-20). 

In  each  of  the  three  hospitals  studied,  non-productive  time  peaked 
three  times  per  day  and  the  peaks  ranged  from  25  percent  to  70  percent  of 
total  personnel  time.  The  success  each  hospital  has  in  leveling  its  work¬ 
load,  however,  varied  markedly:  Walson's  non-productive  peaks  ranged  from 
34  to  45  percent;  Malcolm  Crow's  from  33  to  43  percent;  and  Beaufort's 
from  25  to  70  percent.  Also,  the  peaks  occurred  at  different  hours: 
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Percent  Non-productive  Time 


Malcolm  Grow's  at  0600,  0900,  and  1600  hours;  Walson's  at  0800,  1300,  and 
1600  hours,  and  Beaufort's  at  1030,  1530  and  1830  hours. 

Improvement  Alternatives 

The  Westinghouse  study  considered  the  nine  most  important  alter¬ 
natives,  ineluding  the  present  method,  and  evaluated  their  effeets  on 
tomorrow's  military  hospitals.  All  alternatives  are  currently  in  use  or 
have  been  sufficiently  developed  for  1972  implementation.  Alternatives  1 
through  5  are  total  eoneepts  serving  all  the  system's  needs  and  ean  be 
implemented  by  themselves.  Alternatives  6  through  9  are  improvements 
or  modifications  to  alternatives  1  through  5  and  eannot  be  implemented 
alone.  A  description  of  each  alternative  follows: 

1.  The  conventional,  or  base  alternative,  presently  in  use. 

2.  Total  use  of  convenience  foods,  whereby  an  outside  agency 
delivers  all  foods  in  a  prepared  and  precooked  condition. 
Preportioned  individual  servings  or  bulk  food  is  stored  in  the  hospital 
kitchen  at  0°  to  42°F,  thawed  (if  necessary)  and  assembled  on  trays, 
and  reconstituted  (heated)  at  the  ward  just  prior  to  serving. 

3.  Catering,  involving  complete  preparation  of  all  foods  by  an 
outside  agency.  Tray  assembly  and  delivery  of  unheated 
foods  to  the  ward  for  reconstitution  will  remain  the 
responsibility  of  the  hospital  staff. 

4.  Abbreviated  kitchen  plus  convenience  foods  which  approaches 
total  use  of  convenience  foods,  except  that  foods  such  as  eggs, 
salads,  and  special  diets  whieh  may  not  be  available  in 
convenience  form  are  prepared  in  a  small  kitchen.  Food 

is  stored  in  the  kitchen  and  reconstituted  at  the  ward. 

5.  Internal  manufacture  of  convenience  foods,  whereby  large 
quantities  of  a  given  food  are  prepared,  and  then  refrigerated 

or  frozen  for  later  serving.  Reconstitution  takes  place  at  the  ward. 
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(5.  Automated  food  delivery  involving  an  automated  dumbwaiter 
device  which  transports  trays  to  the  ward,  reconstituting  the 
food  on  route. 

7.  Computerized  menu  planning  which  plans  normal  and  special 
diets  with  high  nutritional  and  portioning  accuracy.  Its 
capabilities  include  recipe  preparation  (calculating  ingredient 
quantities  for  a  set  number  of  portions)  and  time  sequence 
display  for  final  meal  preparation;  it  can  result  in  the  least 
cost  menu,  while  maintaining  current  food  quality. 

8.  Computerized  stockroom  information  management  —  computerizes 
inventory,  reorder  points,  charges  and  billing  data,  and  also 
forecasts  needs. 

9.  Use  of  disposab’es,  such  as  throw-away  utensils  and  tableware, 
wherever  possible. 

Conclusions 

1.  The  conventional  dietary  system  currently  used  in  the  BLHC 
System  suffers  from  two  major  problems:  (a)  it  is  labor 
intensive;  and  (b)  the  nature  of  the  preparation  cycle  is  not 
amenable  to  workload  leveling. 

2.  Technology  exists  which  will  allow  convenience  foods  to 
meet  the  majority  of  dietary  needs  in  a  hospital  system. 

3.  Use  of  convenience  foods  together  with  specially  designed 
kitchens  allows  individual  meals  to  be  portioned  and 
distributed  to  the  wards  more  uniformly  over  the  working 
day,  resulting  in  more  efficient  use  of  a  smaller  staff. 

4.  Only  slight  additional  equipment  for  reconstituting  con¬ 
venience  foods  is  necessary. 

5.  Sufficient  manufacturers  of  convenience  foods  are  now 
available  for  convenience  foods  to  be  used  throughout 
the  BLHC  System. 
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6.  Sufficient  logistical  capabilities  exist  in  both  the  military  and 
civilian  environments  to  ensure  that  a  temporary  local  dis¬ 
location  of  supplies  would  not  jeopardize  a  convenience  food 
dietary  operation. 

7.  Use  of  disposable  items  for  the  non-food  elements  in  the 
dietary  system  will  have  considerable  impact  on  dietary 
waste  handling  and  clean-up  operations.  However,  current 
studies  indicate  that  disposables  are  not  presently  cost 
justifiable. 

8.  There  is  a  considerable  interface  between  dietary  and 
materiel  handling,  with  dietary  representing  the  largest 
single  materiel  handling  load  in  the  typical  BLHC  System. 

Leveling  the  dietary  load,  therefore,  will  necessarily 
benefit  the  materiel  handling  workload  and  reduce  manpower 
requirements. 

In  all  cases,  the  hospital  staff  and  ambulatory  patients  will  be  served  in  a 
cafeteria  as  is  currently  done,  except  the  food  will  be  convenience  foods, 
Recommendations 

1.  Westinghouse  recommends  that  the  fourth  alternative,  an  abbreviated 
kitchen  plus  convenience  foods  on  each  nursing  unit,  be  adapted 
for  all  future  BLHC  facilities  and  retrofit  in  existing  facilities  because: 

a.  Although  this  alternative  does  not  have  the  least  life  cycle  cost 
(see  Figure  3.3-21),  it  is  superior  to  the  least  cost  alternative 
in  terms  of  simplicity,  current  feasibility,  and  sensitivity  to 
changes  in  patient  mix  and  facility  size, 

b.  The  initial  investment  required  at  the  central  kitchen  facility 
and  on  wards  is  approximately  one-third  of  that  required  ir 
the  conventional  system. 
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Figure  3.3-21  Total  Life-Cycle  Present  Value  Costs  for  Dietary  Alternatives 


c.  Approximately  fifty  percent  of  labor  required  for  dietary 
will  be  eliminated.  In  particular,  the  highest  skill 
compc'tents  of  this  labor  are  considerably  reduced  with 
no  loss  of  nutritional  value  or  patient  acceptance  of  tho 
food. 

d.  An  abbreviated  kitchen  would  provide  the  small  percentage 
of  food  stuff  currently  unavailable  as  convenience  foods. 

2.  That  design  and  staffing  criteria  be  revised  to  allosr  for 
introduction  of  the  convenience  food  improvement  alternative 
on  a  RLHC  System-wide  basis. 

3.  Disposables  should  be  used  when  costs  become  attractive  as  a 

result  of  new  Innovations,  or  the  development  of  mass  markets,  j 

when  dinner  ware  and  utensils  can  be  disposed  of  without  causing 

pollution.  | 
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4.  That  wherever  adequate  management  systems  (preferably 
computer-based)  exist*  they  should  be  applied  to  more 
economic  purchasing  and  Inventory  control  procedures  for 
dicta  ry. 

The  Study  Team  recommends  the  abbreviated  kitchen  plus  con¬ 
venience  foods*  for  the  following  reasons: 

1.  Total  personnel  cost  will  be  reduced  to  50  percent  of  the 
base  alternative. 

2.  Initial  investment  in  space  and  equipment  will  be  one  third 
less  than  the  base  alternative. 

3.  Food  waste  is  virtually  eliminated  because  most  entrees 
are  p  re  portioned. 

4.  Portions  are  carefully  controlled  because  food  is  pre¬ 
portioned. 

5.  Peak  serving  demands  can  be  met  easily  without  decreasing 

quality;  tray  can  be  assembled  and  then  refrigerated  at  other 

•  • 

than  peak  load  times;  transportation  peaks  can  be  leveled 
because  trays  can  be  sent  to  the  wards  at  any  tin  e. 

6.  Highly  skilled  personnel  are  not  needed. 

7.  Meals  arc  more  appetizing  because  they  arc  served  hot 
directly  from  a  microwave  oven. 

8.  Meal  can  be  served  at  times  most  convenient  to  the 
patient  by  the  corpsmen  and  aides  or  ambulator)’  patients. 

9.  A  complete  range  of  diets  can  be  prepared. 

10.  Total  cost  savings  over  the  base  alternative  for  20  years 
will  be  about  $2*080*000  for  a  250-bed  hospital*  $G*9G2*000 
for  500  beds*  and  $8*943*000  for  750  beds. 

We  also  recommend  computerized  menu  planning  and  stock  room 
Information  be  implemented  with  the  abbreviated  kitchen.  '.Vh'lc  cost 
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savings  are  difficult  to  quantify,  intangible  benefits  include: 

1.  Menus  which  meet  nutritional  and  preference  requirements 
can  !>c  planned  at  minimum  cost. 

2.  Special  ami  modified  diets  will  be  readily  controlled, 
ft.  Recipe  ingredients  will  be  precisely  controlled  to 

eliminate  waste. 

4.  Nutritional  requirements  for  special  diets  can  he  rapidly 
calculate*’. 

ft.  Inventory,  issues,  and  receipts  will  be  tightly  controlled 
to  help  reduce  costs. 

f».  Spoilage  will  be  reduced  through  improved  purchasing. 

Disposables  should  l>c  used  when  costs  become  attractive  an  a 
result  of  new  Innovations  or  development  of  a  mass  market,  and  when  the 
utensils  and  tableware  can  be  disposed  of  without  causing  pollution. 


Evaluation  Assumptions 

Evaluations  assumed  several  cost  factors,  based  on  data  from  the 
three  BLHC  Systems  studied,  literature  searches,  and  data  supplied  by 
consultants. 

a.  Salary  of  the  average  dietary*  worker  at  the  three  BLIICS 
was  $7202  annually. 

h.  Space  allocated  to  the  dietary  function  in  the  conventional 
method  is  19.9  sq.  ft.  per  bed.  This  figure  Is  the  HAS 
guidelines  for  conventional  dietary  systems.  Malcolm  Grow 
and  NValson  approximate  this  figure  (one  on  cither  side),  while 
Beaufort  Naval  Hospital  exceeds  it. 

c.  Cost  for  dietary*  space  and  equipment  using  present  methods 
is  $r»0  per  sq.  ft.  This  figure,  used  by  RTKL,  the 


architectural  firm  associated  with  Westing  house  on  this 
project*  compares  closely  with  work  done  by  Stanford 
University. 

d.  In  the  present  alternative*  one  dietary  employee  is  needed 
for  4.57  beds.  This  figure  was  obtained  from  data  at  the 
three  BL11CS  studied  plus  figures  from  HEW  and  consultants. 
(Sec  Figure  3.3*22). 

e.  An  average  of  4.08  meals  per  day  are  served  per  occupied 
bed.  ThliT  figure  was  obtained  from  data  at  the  three  BLHCS 
studied  and  fiom  other  sources  as  showri  in  Figure  3.3*23*  and 
includes  meals  served  to  BLHCS  personnel. 

f.  The  cost  of  supplies  is  $  .041  per  meal  based  on  data 
obtained  at  Beaufort*  Malcolm  Grow*  and  Walson.  This 
cost  is  derived  from  Figure  3.3*24. 

g.  Annual  food  cost  is  $171.39  per  daily  meal  served  based  on  data 
gathered  at  the  three  BLHCS  studied.  Refer  to  Figure  3.3*25. 

h.  In  the  recommended  abbreviated  kitchen  alternative*  eorptmen 
or  aides  wll'i  reconstitute  each  meal  on  the  ward  prior  to 
serving.  Reconstitutions  and  delivery  time  will  be  1  to  1.25 
minutes  per  tray.  Total  serving  time  will  be  30  to  37 
minutes  for  a  40-bed  ward  with  25  percent  ambulatory  patients. 

i.  Each  nursing  unit  will  need  approximately  30  sq.  ft.  additional 
space  for  a  refrigerator*  hot  water  and  beverage  dispenser,  a 
microwave  oven  or  ovens*  sink  with  drain  boards,  and  storage 
cabinets. 

j.  Food  heating  time  will  be  approximately  1  minute  per  tray. 
Evaluation  Criteria 

An  Important  consideration  when  choosing  a  dietary  alternative  is 
its  ability  to  handle  increased  workloads  if  the  hospital  extends  ito  services 
or  the  patient  mix  changes.  Evaluation  of  each  sltemaHve,  therefore. 
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includes  space  expansion  costs  and/or  costs  of  inefficient  operations  when 
the  alternative  is  operating  at  overcapacity. 

While  we  have  not  developed  actual  expansion  cost  estimates,  it 
is  logical  that  alternatives  which  eliminate  or  reduce  work  areas  will  be 
more  easily  expanded.  The  catering  alternative  would  then  have  the  lowest 
expansion  costs,  followed  by  the  use  of  abbreviated  kitchens  and  convenience 
food,  and  by  the  internal  manufacture  of  convenience  foods. 

The  abbreviated  kitchen,  used  with  convenience  foods,  offers 
production  output  flexibility  not  available  in  the  conventional  method  because 
many  food  preparation  and  production  areas  are  eliminated.  The  result  is 
that  only  storage,  tray  assembly,  and  clean-up  areas  need  to  increase  their 
productivity  to  meet  expanded  needs.  This  is  easily  accomplished  by  pre¬ 
paring  trays  at  off-peak  hours. 

Rahway  Hospital  in  Rahway,  New  Jersey,  illustrates  this  point. 
Originally  designed  to  serve  75  beds,  the  dietary  function  now  serves  224 
beds  with  an  increase  in  dietary  space  of  only  160  sq.  ft.  to  accommodate 
additional  cart  storage  space.  Similarly,  Memorial  Hospital,  Glendale, 
California,  will  expand  from  320  beds  to  460  beds  without  increasing  dietary 
space. 

Because  only  additional  refrigeration  space  is  needed  to  meet 
increased  demand,  the  abbreviated  kitchen  alternative  permits  hospital 
expansion  without  comparable  dietary  space  expansion  over  an  extended 
time.  For  example,  an  increase  in  refrigerated  space  equal  to  one  percent 
of  the  total  dietary  space  commitment  can  handle  an  eight  percent  increase 
in  hospital  size. 

Cost/Benefit  Analysis 

Our  analysis  was  developed  in  two  parts.  First,  alternatives 
1  through  6  were  evaluated  since  they  are  mutually  exclusive;  second, 
alternatives  7  through  9  wore  evaluated  for  their  effects  on  alternative  4 
(Abbreviated  kitchen  plus  convenience  foods). 


Costs  were  developed  for  the  present  alternative  utilizing  the  Dietary 
Cost  Tree  shown  in  Figure  3. 3-26  and  the  assumptions  and  criteria  previously 
discussed.  The  costs  for  alternatives  #2-6  were  developed  applying  the  change 
constants  shown  in  the  alternative  change  matrix  (Figure  3.3-26,  the  Dietary  Cost 
Tree.)  With  the  Total  Convenience  Foods  alternative,  for  example,  the  cost  of 
equipment  and  space  will  be  60  percent  of  that  needed  for  the  conventional  system. 
Also,  the  number  of  dietary  employees  will  be  50  percent  less,  with  the  cost  of 
food  31  percent  more.  The  alternative  change  matrix  described  below  was 
developed  from  an  exhaustive  state-of-the-art  literature  search  and  from 
consultation  with  experts  in  the  dietary  field. 
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Figure  3,3-26  Dietary  Cost  Tree 

The  total  life  cycle  present  value  by  number  of  beds  for  each  of 
the  first  six  alternatives  are  plotted  in  Figure  3.3-21. 

The  sensitivity  of  the  alternatives  to  the  following  changes  in 
discount  rate  and  the  various  inflation  rates  was  tested: 

Discount  Rate  5%  to  10% 

Inflation  Rate: 

Labor  4%  to  8% 

Food  4%  to  6% 
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Changing  the  discount  rate  from  5  percent  to  10  percent  changed  the  ratio 
of  present  value  costs  of  abbreviated  kitchen  and  convenience  foods  to  the 
conventional  system  from  (>0  percent  to  07  percent.  When  the  labor 
inflation  rate  changed  from  4  percent  to  8  percent,  this  ratio  decreased 
from  00  percent  to  04  percent.  When  the  food  inflation  rate  varied  from 
4%  to  0%  the  ratio  changed  from  09%  to  72%.  The  rankings  of  alternatives 
did  not  change  during  these  variations.  This  shows  that  Dietary  is 
relatively  insensitive  to  changes  in  discount  rate  and  inflation  rates. 

To  determine  the  effect  of  changes  in  initial  investment, 
personnel  costs,  and  food  and  supply  costs,  Table  3. 3-9  was  developed  from 
the  present  Value  Cost  Benefit  computer  runoff. 

This  shows  that  except  for  the  internal  manufacture  of  con¬ 
venience  foods,  all  alternatives  are  insensitive  to  variations  in  the  four 
cost  factors.  Since  internal  manufacture  shows  only  a  small  savings  over 
the  present  alternative,  it  is  unimportant  that  it  is  fairly  sensitive  to 
changes  in  personnel  and  food  costs. 

By  analysis  of  computer  output  for  the  life  cycle  cost  studies 
relating  to  the  dietary  alternatives,  it  was  obvious  that  the  major  elements 
affecting  life  cycle  costs  were  personnel  and  food  costs.  Therefore,  we 
estimated  how  much  our  predicted  personnel  and  food  costs  for  each 
alternative  could  increase  before  the  life  cycle  cost  of  an  alternative  would 
equal  that  of  the  conventional  alternative.  For  example,  the  estimated  labor 
cost  associated  with  improvement  alternative  #4  would  have  to  be  incorrectly 
93%  (nearly  twice  as  much  as  previously  estimated)  before  the  life  cycle  c^st 
of  this  alternative  would  equal  that  of  the  current  system. 

The  results  of  the  Cost/Benefit  Analysis  for  all  alternatives  is  shown 
on  Tabic  3.3-10.  Based  on  this  analysis,  Westinghouse  recommends  the  Abbre¬ 
viated  Kitchen  plus  Convenience  Foods  alternative. 
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TABLE  3.3-9 


ESTIMATED  ALLOWABLE  MARGIN  OF  ERROR 
FOR  DIETARY  PERSONNEL  AND  FOOD  COSTS* 


ALTERNATIVE 

PERSONNEL  COST 

FOOD  COST 

1.  Conventional 

— 

2.  Total  Convenience  Foods 

79% 

82% 

3.  Catering 

4.  Abbreviated  Kitchen  and  Con- 

18% 

37% 

venience  Foods 

93% 

114% 

5.  Internal  Mfs. 

5% 

13% 

6.  Automated 

158% 

99% 

*  %  Individual  Component  would  have  to  be  increased,  all  other  items 


remaining  as  is,  to  make  Present  Value  Cost  equal  to  Conventional. 
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CLINICAL  LABORATORY 


The  Clinical  laboratory  function  accounts  for  approximately  4  percent 
of  the  total  BLHCS  operating  budget.  Its  importance  though  is  significantly 
greater  than  this  would  indicate,  since  it  performs  one  of  the  key  elements 
related  to  practically  all  diagnostic  activities.  Thus  delays  and  inaccuracies 
in  this  department  result  in  inefficient  use  of  scarce  resources  in  other  larger 
and  more  costly  sections  or  departments,  for  example,  unnecessary  return 
visits  to  the  clinics,  longer  stays  in  the  inpatient  facility,  or  wasted  resources 
in  therapeutic  areas. 

The  work  load  of  the  Clinical  Laboratory  function  is  significantly  affected 
by  the  rapid  rate  of  change  in  the  practice  of  medicine.  Studies  at  civilian 
systems  indicate  that  without  increasing  the  number  of  patients,  the  clinical 
laboratories  arc  evidencing  a  compound  annual  rate  of  increase  In  the  number  of 
tests  requested  of  approximately  15  percent.  This  represents  a  hundred  percent 
increase  in  the  workload  approximately  every  six  years.  Westinghousc  studies 
of  BLHC  Systems  indicated  an  annual  growth  rate  of  approximately  14  percent  in 
the  clinical  laboratories. 

Further  analysis  indicates  that  approximately  80  percent  of  the  clicic al 
laboratories  operating  budget  relates  to  personnel  costs  and  that  current  design 
criteria  generally  allows  for  automation  of  only  35  percent  of  all  tests.  The 
clinical  laboratory,  therefore,  is  an  area  where  introducing  new  technology  will 
not  only  show  a  cost  benefit  through  reduced  total  labor  or  increased  throughput 
but  will  also  provide  the  capability  for  more  readily  absorbing  the  enormous 
problem  of  increased  work  load. 

The  physical  layout  and  equipment  of  a  clinical  laboratory  arc  largely 
dependent  upon  the  number  and  type  of  tests  to  be  performed,  which  arc,  in 
turn,  determined  by  patient  condition,  the  level  of  care  required,  the  BLHC 
System's  attitude  towards  profile  testing  for  routine  health  checks,  and  profile 
testing  needs  for  hospital  or  dispensary  admissions. 

The  primary  objective  of  the  Westinghouse  study  of  laboratory  facilities 
was  to  identify  the  most  rapid  and  reliable  method  for  performing  tests  regard* 
less  of  cost.  The  second  objective  was  a  reasonable  turn-around  time;  that  is, 
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(ho  length  of  a  patient's  stay  should  not  be  a  function  of  the  time  It  takes  to 
obtain  test  results.  Thinl,  the  possibilities  of  reducing  cost  per  test  were 
evaluated,  f  ourth,  accuracy  of  test  results  were  to  be  Improved  or  main¬ 
tained:  within  certain  limits  accuracy  increases  as  volume  increases  for  both 
manual  and  automatic  testing. 

TECHNICAL  APPROACH 

The  technical  approat  h  to  studying  the  clinical  laboratories  function 

whs: 

1.  Collect  data  on  effectiveness,  cost,  and  turn-around  and 
solicit  suggestions  for  chemistry,  hcmutology,  serology, 
and  blood  bank  improvement  alternatives  from  laboratory 
supervisors  and  hospital  administrators  at  Beaufort  and  Dix. 

2.  Study  manual  and  automated  techniques  available  to  all 
departments  within  the  laboratory.  (Basic  laboratory 
equipment  needed  in  all  laboratories,  such  as  refrigerators, 
centrifuges,  water  bottles,  incubators,  benches,  and  glass¬ 
ware  was  not  studied.) 

3.  Evaluate  all  feasible  alternatives  and  recommend  those  which 
best  fulfill  our  objectives. 

The  Westinghousc  team  studied  all  pertinent  activities  in  the  test 
cycle,  from  the  time  a  physician  requests  a  laboratory  test  until  he  receives 
the  results,  including  support  activities  such  as  sample  identity  and  travel 
throughout  the  analysis  process.  All  activities  were  further  grouped  into  com¬ 
mon  tasks  and  time  needed  to  complete  them  via  both  manual  and  automatic 
procedures. 

PRESENT  ALTERNATIVES 

Today's  military  clinical  laboratory  is  generally  not  centralized; 
instead,  many  differing  activities  take  place  in  six  to  eight  physically  separated 
areas.  Test  methods,  equipment  and  costs  for  reagent,  labor,  and  capital 
equipment  differ  between  laboratories  even  within  the  same  branch  of  the 
service. 
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Ten  basic  laboratory  activities  are  performed  in  chemistry,  hematology, 
blood  bank,  serology,  l»actcriology,  histology,  and  parasitology  departments: 

1.  Communication  Itetween  physician  re<|uesting  Ihc  test  nn<l 
the  laboratory  analyst 

2.  Sample  collection  and  travel 

3.  Sample  identification 

4.  Centrifugation 

5.  Setup  sample  distribution  within  the  laboratory 

G.  Pipetting,  mixing,  and  incubation 

7.  Calculations 

8.  Reagent  media  preparation 

9.  Culture  and  smear 

10.  Sub-culture. 

These  activities  and  how  they  interact  at  Beaufort  and  Dix  arc  dis¬ 
cussed  in  detail  in  the  Data  Inventory  volume.  Personnel  time  needed  for 
each  activity  by  test  type  is  shown  on  Table  3.3-13, 

IMPROVEMENT  ALTERNATIVES 

From  the  state-of-the-art  study,  nineteen  improvement  alternatives 
were  selected  for  detailed  analysis.  The  improvement  alternatives  have  been 
classified  into  four  broad  categories:  facility  design,  manual  testing,  auto¬ 
mated  equipment,  equipment  leasing. 

A.  Facility  Design 

Laboratory  design  will  have  considerable  impact  on  the  effectiveness 
with  which  staff  can  perform  the  complex  and  interrelated  testing  required. 

Early  laboratory  designs  tended  to  aggregate  spaces  related  to  the  major 
functional  breakdown  within  the  overall  department.  This  method  of  design 
coupled  with  the  use  of  solid  fixed  partitions  has  generally  resulted  in  inflexi¬ 
ble  layouts. 

Laboratory  procedures  have  already  evolved  to  the  point  where  one 
single  sample  from  a  patient  must  be  split  between  five  to  seven  functional 
areas  for  analysis.  Since  some  departments  were  built  and  are  operated  as 
separate  entitles,  inefficient  processing,  sample  loss,  and  identification 
errors  arc  compounded. 
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Inflexible  design  layouts  based  on  current  functional  areas,  percentage 
of  work  load,  and  equipment,  neglect  the  fact  that  as  the  number  of  tests  arc 
incrcasing;so  is  the  rate  of  cquipn  ^nt  obsolescence  and  methodology  and  the 
relative  importance  of  any  one  test  area. 

The  study  team  ev:  Jutted  the  impact  of  two  design  improvement 
alternatives  on  the  operati  >nai  clinic :U  labs 

Alternative  (1)  Centralization  of  aii  laboratory  functions  rather  than 
com|Kirl  mental  i/at  ion  within  a  central  facility  or 
remotely  located  functional  areas. 

Alternative  (2)  Mere  flexible  design  of  the  Clinical  laboratory  both  in 
terms  of  the  ability  to  respond  to  internal  changes  and 
the  ability  to  grow. 


B.  Manual  Testing  Kquipment 

Manual  testing  is  most  applicable  to  laboratories  with  low  test  volumes 
and  to  facilities  where  tests  are  performed  in  Dispensaries.  Three  equipment 
alternatives  were  considered,  all  applicable  to  chemistry  analyses  in  a  dis¬ 
pensary  and  all  requiring  a  colorimeter,  an  incubator,  and  a  centrifuge. 

Alternative  (3)  Ames/BMI  blood  analyzer,  which  uses  a  spectrophoto¬ 
meter  with  four  available  wave  lengths  and  can  perform  14 
separate  tests  at  a  rate  of  20  to  GO  tests  per  hour. 
Alternative  (4)  The  Bio-Dynamics  Unilcst  analyzer  which  uses  a  single 
wavelength  spectrophotometer,  and  can  perform  9 
separate  tests  at  a  rate  of  20  to  40  tests  per  hour. 
Alternative  (5)  The  Dow  analyzer,  which  uses  a  single  wavelength 

spectrophotometer,  ami  can  perform  9  separate  tests 
at  a  rate  of  20  to  10  tests  per  hour. 


Automated  equipment  can  reduce  the  cost  per  test,  standardize  test 
procedures,  and  improve  the  quality  of  results  (well  trained  technicians  must 
be  available).  However,  automation  cannot  be  cost  justified  for  low  test 
volumes,  for  example,  when  equipment  is  used  less  than  three  to  four  hours  per 
day  or  performs  less  than  about  20  tests  per  day.  Manufacturers’  claims  for 
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attractively  low  test  costs  arc  generally  based  on  six  to  eight  hours  per  day 
operation,  :ind  assume  a  volume  which  is  extremely  difficult  to  achieve  even 
at  large  hospitals  such  as  Ft.  DLx.  Also,  the  higher  technician  skill  require¬ 
ments  |K>se  personnel  availability  problems.  The  following  automated  equip¬ 
ment  alternatives  were  analyzed,  by  function,  within  the  department* 


I.  Hematology  Department 


Mternative  (6) 


Alternative  (7) 


Alternative  (S) 
/Vltcmative  (9) 


Coulter  Counter,  Model  FN,  (Coulter  Electronics)  ir. 
a  single-channel  particle  counter  and  sizer,  capable 
of  counting  particles  in  a  sample  of  diluted  blood. 

Coulter  Counter,  Models,  is  a  seven-channel  particle 
counter  and  sizer,  which  can  count  particles  In  a 
diluted  blood  sample. 

Fischer  Autocytomctcr  is  a  single-channel  blood  cell 
analyzer. 

The  Tcchnicon  SMA  7A  is  a  seven-channel  particle  analyzer. 


11,  BloodJJank  Department 


Alternative  00)  Tcchnicon  Auto-analyzer  is  a  dual -channel  ABO  and 
RH  typer. 

Alternative  01)  'The  fifteen-channel  Tcchnicon  Auto-analyzer  is  an 
ABO,  RH,  and  RH  subtypes  analyzer. 


111.  Chemistry 


Alternative  02) 
Alternative  03) 


Alternative  0*1) 
Alternative  03) 


The  Beckman  DSA-560  is  a  single-  or  dual-channel  discrete 
sample  analyzer  which  can  complete  160  tests  per  hour. 
Mirk  X  (Hyccl  instruments,  Houston)  is  a  discrete 
sample  profile  analyzer  with  10  channels,  capable  of 
performing  *100  tests  per  hour. 

The  Tcchnicon  SMA  12/60  1b  a  twelve-channel  flow-through 
profile  analyzer,  capable  of  720  tests  per  hour. 

The  Tcchnicon  Auto-analyzer  D  is  a  dual-channel,  flow- 
through,  low-volume  instrument  used  for  routine  tests. 

Its  modular  design  allows  channels  to  be  added  easily. 
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It  ean  perform  120  tests  per  hour. 

Alternative  (16)  The  Technicon  Auto-analyzer  n,  expanded  to  three 

channels,  is  a  flow-through  analyzer  used  to  baek  up 
profile  analyzers.  It  can  complete  180  tests  per  hour, 
Alternative  (17)  The  Dupont  ACA  is  an  emergency  (fast  turn-around) 
single-channel  analyzer  capable  of  75  tests  per  hour. 
Alternative  (18)  Centrifi-Chem  of  Union  Carbide  is  a  single-channel 
kinetic  rate  analyzer  used  for  enzyme  tests.  It  can 
perform  120  to  600  tests  per  hour,  depending  upon 
test  complexity. 

D.  Equipment  Leasing 

Alternative  (19)  Test  equipment  used  in  the  eurrent  BLHC  Systems  is 
almost  always  purchased  outright,  an  approach  which 
has  two  basic  drawbacks: 

1  Equipment  purchase  is  generally  justified  for  a 
relatively  long-term  use,  i.e.,  10  to  20  years  and 
depreciated  accordingly.  In  the  ellnical  labora¬ 
tory  area,  particularly,  cycles  of  this  length  are 
generally  improbable  beeause  of  rapid  equipment 
obsolescence. 

2  More  and  more  research  into  the  automation  of 
clinical  laboratory  tests  is  producing  rapid 
introduction  of  new  technology  and  equipment  into 
entirely  new  areas. 

These  factors  combine  to  make  purchasing  of  equipment  and  training 
of  personnel  unattractive  thus  inhibiting  the  introduction  of  new  equipment  and 
test  procedures  or,  alternatively,  limiting  the  introduction  of  these  test  pro¬ 
cedures  to  manual  techniques.  As  a  result,  the  Study  Team  evaluated  the  cost 
benefit  to  be  gained  by  leasing  or  renting  equipment  which  weald  offer  signifi¬ 
cant  operating  economies  within  the  clinical  laboratories. 

Conclusions 

1,  The  selection  of  equipment  within  the  Cl*  ical  Laboratory  at  a  BLHC 
System  is  dependent  on  the  test  volume  per  unit  of  time  (generally  a 
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month).  Ranking  or  evaluating  alternatives  based  on  gross  facility  size 
as  distinct  from  the  majority  of  the  other  operations  categories  was  not 
possible.  Alternatives  were  evaluated  on  the  present  value  method  normal¬ 
ized  to  average  rates  per  month  for  each  department  within  the  Clinical 
Laboratory. 

2.  There  arc  distinct  and  quantifiable  scale  breakpoints  which  separate  the 
decision  not  only  to  use  an  automated  rather  than  a  manual  procedure,  but 
also  as  to  which  type  of  automated  equipment,  if  any,  should  be  used. 

The  State-of-tke-Art  survey  provided  sufficient  data  to  establish  these 
differentials. 

3.  The  current  method  for  assessing  laboratory  workload  in  terms  of  Compos¬ 
ite  Weighted  Work  Units  (CWWU)  is  inadequate  and  when  compared  with 
actual  operating  data  at  the  primary  BLHC  Systems  studied  in  this  program, 
CWWU  understates  clinical  laboratory  workload  by  magnitudes  of  three  to 
five  times. 

4.  The  current  accounting  and  biomedical  statistic  reporting  systems  observed 
at  the  BLHC  Systems  were  non-uniform  between  services  and  generally 
provided  inadequate  data  for  analysis  in  relation  to  the  origin  of  the  test 
patient  category  within  the  dependent  population  —  age/sex  specific;  IP  or  OP; 
day  of  stay  in-patient  area,  and  the  relationship  between  disease  inci¬ 
dents  and  type  and  number  of  tests  requested.  All  these  data  are  essential 

to  more  sophisticated  planning  projections  of  future  growth. 

5.  The  current  criteria  used  in  the  facilities  design  process  for  determining 
the  degree  of  automation  possible, and  assigning  space, are  inadequate; 
automating  more  operations  can  be  cost-justified  than  these  criteria  would 
indicate. 

6.  There  was  considerable  variation  in  both  equipment  and  techniques  used 
between  BLHC  Systems.  Many  of  these  differences  reflect  the  preference 
indicated  by  individual  physicians  during  the  planning  design  process,  even 
though  these  specific  physicians  were  often  only  associated  with  the 
facility  for  a  relatively  short  time. 

7.  Leasing  high  cost,  highly  complex  equipment  subject  to  rapid  obsolescence 
is  preferable  to  outright  purchase.  Studies  indicate  that  there  is  a  justi¬ 
fiable  breakpoint  for  this  decision  at  or  near  $25,000. 
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8.  Scattered  or  decentralized  clinieal  laboratories  lead  to  ineffective  and 
inefficient  use  of  manpower  and  equipment  and  contributes  to  the  poten¬ 
tial  for  error  and  delay.  Facility  designers  should  be  aware  of  the 
design  implications  of  a  100  percent  increase  in  the  clinieal  laboratory 
work  load  every  six  years. 

9.  10a  typical  BLHCS  clinieal  laboratory,  eosts  per  test  generally  increase 
as  the  volume  increases,  whereas  the  reverse  is  normally  true  for 
independent  civilian  laboratories.  This  disparity  should  be  overcome 
through  more  effective  scheduling  and  resource  utilization  and  the  ability 
to  rapidly  change  from  manual  to  automated  procedure  as  volume  varies. 

10.  One  of  the  largest  eauses  of  delay  and  lost  time  is  the  use  of  manual 
communications  between  clinical  laboratories  and  many  of  the  other 
BLHCS  areas. 

Recommendations 

1.  The  following  equipment  or  procedures  should  be  used  in  all  new  BLHC 

Systems  when  related  to  the  various  workloads  indicated  below: 

Blood  Chemistry 

Manual  Procedures  0  -  750  tests/month 

Automated  Procedures 

(1)  Auto-Analyzer  (Single  Channel) 

(2)  Centrifi  -  Chem 

(3)  DSA  560 

Hematology 

Manual  Procedures  0  -  1,500  tests/month 

Automated  Procedures 

(1)  Coulter  Counter  FN  1,500  -11, 000  te»ts/month 

(2)  Coulter  Counter  S  11,000  up  tests/monlh 


750  -  3,000 

3, 000  -  1 1, 000  tests/month 
11,000  up  tests/month 
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Blood  Bank 


0 


7,000  tests/month 


Manual  Procedures 

Automated  Procedures 
(i)  Tec hn icon  7,000  -  tests/month 

2,  Present  design  criteria  should  he  re-evaiuated  for  the  purpose  of  space 
planning  to  incorporate  more  flexibility,  less  compartmcntalization,  and 
more  consideration  for  the  dynamics  in  the  growth  of  the  workload. 

3.  Test  procedures  and  equipment  should  be  standardized.  The  method  of 
reporting  clinical  laboratory  data  shouid  be  altered  so  that  more  precise 
internal  management  can  be  effected  and  more  usable  data  generated  for 
the  prediction  of  workloads  resulting  from  given  in-patient,  out-patient 
mixes,  age/sex  groupings,  and  usease  incidences.. 

4.  Wherever  workload  indicates  the  need  for  an  automated  testing  device  that 
has  a  purchase  price  in  excess  of  $35,000  it  should  be  leased  rather  than 
purchased. 

5,  Where  automated  test  equipment  is  purchased,  the  purchase  contract 
should  contain  a  clause  allowing  BLHCS  personnel  to  test  the  equipment  for 
type  and  volume  of  workload  in  that  laboratory.  This  would  obviate  much 
of  the  confusion  generated  by  vague  and  conflicting  manufacturers'  claims. 

G.  Because  communications  are  so  critical  to  the  clinical  laboratory,  equip¬ 
ment  which  cun  effect  adequate  and  low-cost  image  storage  and  retrieval 
should  be  analyzed.  This  concept  should  be  evaluated  even  if  a  computer- 
based  information  or  data  management  system  is  not  to  be  considered  for 
the  overall  system. 

Kvaluat ion  A s s ump tions 

1.  I.almratory  technician  wage  rate  of  $3.  GO/hour  (W) 

2.  Reagents  costs  arc  published  vendors'  prices.  (Cj) 

3.  Leasing  costs  are  3.4  percent  of  Instrument  sales  price  per  month, 
over  30-month  lease  period.  (L) 

4.  Average  daily  test  rates  by  Beaufort  and  Dix,  converted  to  monthly 
averages  by  multiplying  by  24  working  day/month. 
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5.  Total  monthly  cost  Computed  as  follows: 


N 

Z 


i  =  i 


tq  +  T. .  WJ 


+  L  =  Total  Monthly  Cost 


i  =  each  test 

N  =  Number  of  different  tests 
V|  =  Monthly  test  volume 

Cj  =  Reagent  cost  per  test  (in  some  cases  Cj  =  Reagent  +  Labor  Cost, 
then  W  =  0 ). 

T|  =  Time  per  test  in  hours.  (Given  by  manufacturer's  technical 
personnel,  or  computed  using  machine  throughput  per  hour 
plus  set-up  time  for  automation.  For  manual  times,  the  Chicago 
Hospital:  Council-Clinical  Laboratory  Study  standard  times 
were  used. 

L  =  Monthly  machine  or  capital  equipment  leasing  cost 
W  =  Dollars  per  hour. 

6.  Physicians  test  ordering  practices  are  consistent  with  those  at  Beaufort 
and  Dix. 

7.  Tests,  as  defined  by  "The  American  Society  of  Clinical  Pathologists," 
are  used. 


Evaluation  Criteria 

The  following  criteria  were  used  in  the  Westinghouse  evaluation: 

1.  Quality  of  test  results  —  how  accurate  are  the  results  and  how  does 
increased  accuracy  affect  medical  diagnosis  ? 

2.  Field  test  reports  --  what  have  other  hospitals  reported  on  the  alterna¬ 
tive's  success  or  failure? 

3.  Speed  —  how  fast  can  accurate  results  be  available  to  the  physician? 

4.  Labor  —  can  a  minimum  of  unskilled  labor  produce  reliable,  accurate 
results  ? 
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5.  Sample  identification  —  are  mistakes  in  sample  identification  minimized? 

(i.  Preparation  time  —  is  sample  preparation  time  minimized  and  simpli¬ 
fied? 

7.  Maintenance  —  is  maintenance  simple,  inexpensive,  and  available  from 
the  manufacturer? 

8.  Efficiency  —  does  the  alternative  utilize  all  laboratory  personnel  in  the 
most  efficient  manner? 

!).  Errors  —  is  error  potential  minimized? 

10.  Obsolescence  —  is  the  alternative  adaptable  to  new  tests  and  new  methods 
with  only  minor  modifications: 

11.  Reliable  —  is  the  alternative  operationally  dependable? 

12.  Expandable  —  can  the  alternative  accommodate  demand  for  new  and 
additional  tests? 

13.  Contamination  —  is  the  possibility  for  cross  contamination  minimized? 

14.  Flexibility  —  can  traffic  patterns,  benches,  and  equipment  arrangement 
be  altered  to  adapt  to  changing  test  mix? 

15.  Reduced  floor  space  —  will  the  alternative  reduce  total  laboratory  floor 
space  and,  therefore,  initial  investment? 

Cost  Benefit  Analysis 

The  analysis  compared  automated  and  manual  test  procedures  based  on 
data  from  Beaufort  Naval  Hospital  and  Walson  Army  Hospital.  Three  different 
areas  of  laboratory  testing  were  considered:  blood  chemistry,  hematology,  and 
blood  bank.  Since  inflation  rates  for  labor,  reagents,  and  leasing  costs  will 
be  the  same  for  all  alternatives,  only  first  year  costs  were  considered. 

Individual  tests  were  evaluated  to  determine  which  could  be  automated  by 
each  alternative,  expressed  as  a  percentage  of  the  total  workload.  Manual 
and  automated  costs  per  test  were  calculated.  Costs  to  manually  perform  those 
tests  that  could  not  be  automated  were  added  to  the  costs  of  automated  equip¬ 
ment,  resulting  in  total  laboratory  operating  costs,  shown  on  Tables  3.3-14,  15 
and  16.  From  these  data  cost-volume  curves  were  drawn  for  the  blood 
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chemistry,  hematologx  and  blood  hanking  department  (Figs.  3,3-27,  28,  and  29). 

Blood  Chemistry  and  Hematology  cost  analyses  are  relatively  sensitive 
to  errors  in  estimating  the  cost  of  manual  tests.  Table  3.3-17  gives  total  cost  of 
alternatives,  including  necessary  manual  costs.  The  results  of  increasing 
manual  costs  l»v  20  percent  is  shown  in  Tabic  3,3-18. 

Alternatives  were  evaluated  against  all  evaluation  criteria;  results,  plus 
cost  data,  are  shown  on  Table  3.3-19 


Cost  in  Dollars  Cos* 1,1 


I 

I 

I 


Total  num'jer  of  test  per  month 
Fig.  3.3-28  -Blood  tank 
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Total  number  of  tests/  month 


Fig.  3.3-29  -Blood  chemistry 
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I  DENTISTRY 

Dental  care  consumes  approximately  15  percent  of  the  total  operating 
budget  of  a  typical  BLHC  System,  and  personnel  costs  account  for  90  percent 
of  all  dental  costs.  Any  improvement  to  the  dentistry  function,  therefore, 
must  focus  on  reducing  cost  per  procedure  by  increasing  personnel  efficiency 
and/or  patient  throughput. 

Detailed  work  sampling  studies  were  performed  at  three  dental  clinics; 
two  at  Dix  and  one  at  Beat  fort.  Ail  three  clinics  provide  scheduled  dental  care 
to  recruits  and  active  duty  military  personnel.  The  Marine  Corps  Air  Station 
(MCAS)  at  Beaufort  also  provides  limited  treatment  for  retirees  and  dependents. 

Present  military  dental  practices  vary  in  methods  and  In  the  ratio  of 
dentists  to  assistants  to  opcratorics.  The  following  arrangements  were  observed: 

1.  Stand-up  dentistry,  one  assistant,  one  operatory. 

2.  Stand-up  dentistry,  one  assistant,  two  opcratorics. 

3.  Sit-down,  one  assistant,  one  operatory. 

4.  Sit-down,  one  assistant,  two  opcratorics. 

5.  Four-handed,  one  assistant,  one  operatory’. 

6.  Four-handed,  one  assistant,  two  opcratorics. 

Stand-up  dentistry  in  which  the  slightly  reclining  patient  is  worked  on  by 
a  standing  dentist,  usually  with  one  assistant  and  one  operatory,  is  most  common, 
although  the  position  of  operatory  equipment  often  prevents  effective  use  of  the 
assistant.  Sit-down  dentistry  allows  a  seated  dentist  to  Work  on  a  supine  patient. 
This  reduces  the  dentist's  fatigue  and  provides  unimpaired  work  space.  Four 
handed  dentistry,  thenaturalextension  of  sit-down  dentistry',  extends  the  duties 
of  assistants  to  providing  instruments  and  performing  some  routine  tasks,  thereby 
allowing  the  dentist  to  concentrate  on  the  special  dental  operations. 

The  physical  layout  at  the  Mills  Clinic  at  Dix  and  the  MCAS  at  Beaufort 
allows  for  one  operatory  per  room,  with  some  roams  having  connecting  doors. 

The  Mills  clinic  also  has  a  complete  dental  laboratory.  In  Dental  Clinic  # 3  at 
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Fort  Di.\#l  I  operatories  are  located  in  a  largo,  partitionicss  roon.. 

Sp  'ialtv  areas  have  two  operutories  per  room. 

Work  loads  at  all  clinics  are  about  equal  despite  differences  in  population 
base.  Results  of  detailed  studies  at  the  two  I)ix  clinics  arc  illustrated  in 
Figures  3.3-30.  31,  32  and  33.  Some  pertinent  conclusions  are: 

1.  Personnel  I’tlli/ation 

•  Patient  workload  In  the  two  clinics  shows  comparable  curves  in 
the  morning,  but  vary  considerably  in  the  afternoon.  Clinic 
peaks  at  55  percent  of  total  activity  between  0900  and  1100  hours 
(as  opposed  to  -15  percent  for  Mills),  dropping  to  40  percent 
between  1100  and  1200  hours.  In  the  afternoon,  the  Mills  clink* 
shows  a  high  level  of  work  activity  between  1300  and  1400  hours 
(04  percent),  then  drops  sharply  to  about  40  percent  between 
1000  and  1700.  Cliniic  f.3  starts  the  afternoon  at  55  percent  and 
slowly  declines  to  50  percent. 

•  Non-productive  time  peaks  just  before  lunch  in  both  clinics,  and 
again  between  1600  and  1700  hours. 

2.  Personnel  spend  about  75  percent  of  their  time  in  the  opcratorics  In 

both  clinics. 

The  Wcstlnghouse  study  of  three  dental  clinics  is  detailed  in  the  data 
inventory  volume. 

Tech  nlcai  Approach 

The  technical  approach  used  was  basically  the  six  step  procedure 
outlined  on  pages  3. 3-4  through  3. 3-1  i  of  this  volume.  The  present  system 
was  detailed  by  observation  and  Interviews  by  study  team  members  and  our  dental 
consultants.  Based  on  this  the  problems  were  delineated  and  solutions  proposed 
based  on  the  SOA  study  and  the  dental  consultants.  The  various  alternatives 
were  evaluated  on  both  a  cost  basis  and  subjectively.  Sensitivity  analysis  was 
also  performed  and  from  these  last  steps  the  final  recommendation  determined. 
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%  of  Time  Spent  in  Activity  %  of  Time  Spent  in  Activity 

by  All  Personnel  by  All  Personnel 


Time  of  Day 

Fig.  3.3-30  -Personnel  utilization -Mills  Dental  Clinic 
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Fig.  3.3-31  -Personnel  utilization-  Dental  Clinic  *3 
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’  of  Time  Spent  by  All  Personnel  %of  j,me  spent  by  All  Personnel 
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Fig.  3. 3-33  -Personnel  location- Dental  Clinic  #3 
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Fig.  3.3-32  -Personnel  location- Mills  Dental  Clinic 
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Improvement  Alternatives 

Ten  improvement  alternatives  were  evaluated  for  eost/benefit  and  for 
their  ability  to  meet  oar  evaluation  criteria.  These  alternatives  ean  be  separated 
into  three  general  categories:  the  ratio  of  dentist  to  operatories  to  assistants, 
dental  procedures,  and  facility  layout. 

1.  The  ratio  of  dentists  to  operatories  to  assistants  has  five  improve¬ 
ment  alternatives: 


Alternative 

H  Dentists 

#  Operatories 

11  Assistants 

1 

1 

1 

1 

2 

1 

1 

2 

3 

1 

2 

3 

4 

1 

3 

4 

5 

1 

4 

4 

Dental  procedures  include: 

G.  Two-handed  dentistry,  where  the  dentist  works  essentially 


by  himself  or  with  limited  assistance. 

7.  Four-handed  dentistry,  where  the  dentist  uses  capable 
assistants  for  routine  work  and  for  handing  him  tools 
and  Instruments. 

3.  Facility  layout  alternatives  include: 

8.  Individual  rooms  (Figure  3.  3-34) 

9.  Rectangular  multiple-operating  design.  (Figure  3. 3-33) 

10.  Circular  cluster  (Figure  3.3-36) 

Conclusions 

1.  Dentistry,  however  it  is  practiced,  is  labor-intensive  with  approximately 
90  percent  of  all  dental  costs  being  personnel  costs. 

2.  Current  military  practice  under -utilizes  the  higher  skill  categories 
(dentists).  The  productivity  of  these  individuals  could  be  increased 
more  than  40  percent  overall  through  revised  work  practices  and 
through  the  use  of  assistants. 
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Studies  indicate  that  27  percent  of  the  total  procedures  are 
"operate ry"  in  nature  and  is  amenable  to  significant  improvement  in 
terms  ol  time  savings.  The  remainder  —  oral  diagnosis,  treatment 
planning,  oral  surgery,  and  oral  hygiene  ---  docs  not  presently  show 
the  same  potential.  Since  the  so-called  "operating  procedures  are  in 
general  far  more  time  consuming  than  the  other  procedures,  the 
investment  of  total  personnel  resources  in  this  category  will  exceed 
27  percent. 

Of  all  proposed  changes  in  operatory  practice  considered,  sit-down  four- 
handed  dentistry  seemed  most  efficient. 


Fig.  3. 3-34-Dental  facility  improvement  layout  -  individual  rooms 
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figure  3.3-36  Circular  Multlple-Opcratory  Design 
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4.  The  average  dentist,  using  a  higher  level  of  technical  assistance  and 
four-handed  sit-down  procedures,  should  be  able  to  handle  three  opera- 
torics  without  personal  fatigue  or  loss  of  quality.  Any  attempt  to  improve 
utilization  beyond  this  point  should  be  related  to  individual  capability. 

5.  The  current  facility  planning  embodying  many  small,  individual  rooms  is 
inefficient  and  should  be  replaced  with  a  rectangular  arrangement  for  the 
majority  of  operating  procedures. 

Recommendations 

The  Westinghouse  Study  Team  recommends  that: 

1.  For  new  facilities,  new  design  criteria  should  be  developed  to  allow  for 
use  of  the  rectangular  layout  for  most  operatory  procedures.  Procedures 
not  recommended  for  bull-pen  and  which  should  be  done  in  separate  rooms 
are:  oral  surgery,  periodontics  and  endodontics. 

2.  Staffing  criteria  should  be  utilized  to  allow  a  ratio  of  one  dentist  to  four 
assistants  to  three  operatories. 

3.  As  equipment  and  training  permits,  four-handed  sit-down  dentistry 
should  be  practiced. 

4.  Intensive  industrial  engineering  studies  should  be  undertaken  to  develop 
new  facility  layouts  and  procedures  to  improve  the  approximately  73 
percent  of  the  total  workload  which  is  unaffected  by  the  above  recommenda¬ 
tions. 

5.  Increase  the  emphasis  in  the  current  preventive  dental  program  in  such 
areas  as  dental  prophylaxis,  fluoride  treatments,  water-supply  fluoridation, 
and  patient  education  on  prevention  of  dental  disorders.  Dental  hygienists, 
rather  than  dentists,  could  conduct  the  program. 

6.  DoD  should  consider  standardizing  all  dental  clinic  procedures  for  existing 
facilities  and  considerable  attention  should  be  given  to  introducing  the  above 
operating  procedures  even  where  existing  facilities  do  not  have  the  same 
layout  advantages  as  the  bull-pen  approach. 
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K valuation  Assumptions 

1.  Personnel  cost  (including  20  percent  of  base  pay  for  fringe  benefits): 
$11,  IO()/year  for  class  0.1  dentist  and  $5, 520/year  for  class  E4 
assistants. 

2.  Personnel  work  18  weeks/year  at  .17.5  hours/week. 

3.  Twenty-seven  percent  of  the  total  dental  workload  ean  be  done  using 
the  one  dentist  to  three  operatories  to  four  assistants  ratio  (based 

on  a  review  at  Foil  Dix  of  the  detailed  categories  of  dental  procedures 
by  the  Westinghouse  dental  consultant).  The  remaining  76  percent 
of  the  work  is  oral  diagnosis,  treatment  planning,  oral  surgery,  and 
oral  hygiene,  activities  which  arc  not  applicable  to  the  recommended 
ratio. 

4.  Navy  Report  of  Clinical  Tests  MR  005. 12  -  5004. 13  applies  to  all 
military  dental  clinics. 

Evaluation  Criteria 

Separate  criteria  were  used  to  evaluate  each  category  of  alternatives. 

The  ratio  of  dentists  to  operatories  to  assistants  was  evaluated  on: 

1.  Cost  -  cost  per  procedure  and  personnel  costs. 

2.  Patient  throughput  or  the  number  of  procedures  that  can  be  done  by 
a  dentist  in  an  hour. 

3.  A  subjective  evaluation  of  the  quality  of  the  dental  work. 

The  two  procedural  alternatives  were  evaluated  on  the  basis  of  efficiency  in 
terms  of  utilization  of  the  dentists  time. 

The  layout  alternatives  were  evaluated  according  to  the  following  sub¬ 
jective  criteria: 

1.  Dentist  Efficiency  -  is  the  dentist  fully  utilized,  can  he  maximize 
his  patient  throughput  without  impairing  the  quality  of  his  dentistry? 

2.  Administrative  Control  -  can  the  clinic  Commanding  Officer  main¬ 
tain  control  over  the  personnel  working  in  the  clinic? 
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•5.  Ease  the  Expansion  -  how  readily  ean  additional  operator! os  be  added 
as  the  workload  increases? 

4.  Cost  of  Expansion  -  the  relative  cost  of  adding  additional  operatories. 

5.  Total  Personnel  Utilization  -  how  well  are  dentists,  assisbints, 
hygienists,  and  X-ray  technicians  utilized? 

Cost  Benefit  Analysis 

Ratio  of  Dentists  to  Operatories  to  Assistants: 

Using  the  data  gathered  from  Foil  Dix,  the  number  of  restorations  per 

hour  per  dentists  and  the  personnel  cost  per  procedure  were  determined  on  the 

basis  of  one  dentist  to  one  operatory  to  one  assistant.  Applying  the  results 

from  Navy  Report  MR  005.12  -  5004. 15  to  this  data  yielded  Table  ft.  3-2C. 
Although  reporting  of  procedures  varies  between  services,  the  percentage 

of  workload  in  the  various  categories  is  comparable,  i.e.  ,  27'',',. 


TABLE  3.3-20 

Ratio  of  Dentists  to  Operatories  to  Assistants 
in  Terms  of  Treatment  Costs 


#  Dentists 

#  Operatories 

#  Assistants 

Restorations 
per  Hour 

Cost  per 
Procedure 

1 

1 

1 

1.25 

$9.05 

1 

1 

2 

l.GG 

8.70 

1 

2 

3 

4. 10 

4.29 

1 

3 

4 

5.  5G 

3.72 

1 

4 

4 

G.2G 

3.31 

Personnel  cost  per  procedure  shows  a  deeline  from  the  present  $9.05  to  $3.31 
when  one  dentist  has  four  operatories  and  four  assistants.  Conversely  the 
number  of  restorations  per  hour  increases  from  1.25  to  G.2G. 

Since  supplies,  equipment,  and  maintenance  are  the  same  in  all  these 
alternatives,  the  only  cost  considered  in  the  Present  Value  Life  Cycle  Cost  is 
personnel  cost.  Using  the  data  from  Table  3.3-20  together  with  a  4  percent 
inflation  rate  and  a  10  percent  discount  rate  for  money,  the  present  value 


each  alternative,  as  shown  by  its  percent  increase*  in  the  number  of  procedures 
per  hour  over  the  preceding  alternative,  is  shown  in  Table  3.3-21. 


Dentists 

Alternative 

Operatories 

TABLE  3.3-21 

Assistants 

%  Increase  in  Procedures 
per  Hour  over  Preceding 
Alternative 

1 

1 

1 

- 

1 

1 

») 

33% 

1 

2 

3 

147% 

1 

n 

*> 

4 

35% 

1 

4 

4 

13% 

Although  the  one  dentist  to  four  operatories  to  four  assistants  has  the 
lowest  cost,  h  is  not  the  recommended  alternative  since  the  Navy  reports  that 
the  four  chair  system  taxes  the  energies  of  the  dentist  officers  to  the  extent 
that  the  quality  of  their  work  deteriorates. 

Dental  Procedures 

At  the  present  time,  all  schools  of  dentistry  have  federally  supported 
programs  to  teach  four-handed  sit-down  dentistry.  It  is  a  far  more  efficient 
system  in  terms  of  utilization  of  the  dentist's  time  than  is  two-handed  dentistry. 
Dental  assistants  and  dental  students  are  being  trained  to  pass  instruments 
from  one  to  another  in  a  most  efficient  manner  so  that  it  is  not  necessary  for 
the  dentist  to  leave  the  immediate  area  of  the  mouth  to  complete  the  operation. 
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I  acllltv  Layout 

Die  threi  alternative  lavouts  were  evaluated  subjectively  on  tile  five 
eriiteria  mentioned  above  and  the  results  are  tabulated  in  Table  3.3-22. 


I'Aitl.K  3.3-22 

A<lminl-  Kase  Cost  Total 

Dentist  strut  I  ve  of  of  Personnel  Patient 

efficiency  Control  expansion  Kxjiansioii  ftili/.ation  Knvironment 

Individual  doom  113  2  1  2 

doctangular  Multiple 

Operatorv  3  3  3  3  3  1 

Circular  Cluster  3  2  11  2  1 

Matings  based  on  a  I  to  3  scale  with  1  being  lowest  and  3  being  highest. 

The  individual  room  layout  received  one  high  and  three  low  ratings:  and  the 
circular  cluster  had  one  high  and  two  low  ratings.  The  average  ratings  are: 


Individual  doom 

l .  8 

doctangular  Multiple 
Operators’ 

2.6 

Circular  Cluster 

1 . 6 
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OUTPATIENT  DEPARTMENT 
Introduction 

Outpatient  Department  (OPD)  activities  are  one  of  the  most  labor  intensive 
in  the  BLIiC  System  with  approximately  85  percent  of  the  cost  being  personnel 
costs.  Superficially,  there  was  little  relation  between  the  three  primary'  BLIIC 
Systems  studied  —  the  percentage  total  operating  budget  represented  by  the  OPD 
function  range  from  3  percent  to  3fi  percent  at  the  three  Systems  studied;  cost 
per  patient  visit  varies  widely;  and  there  arc  considerable  differences  in  the  staff 
specialty  mixes  which  tends  to  influence  the  apparent  health  care  demand  statistics. 

All  three  Systems,  however,  have  several  basic  similarities  —  a  faster  growing 
workload  in  the  OPD  than  in  any  other  area;  almost  every  department  of  the  OPD 
is  saturated;  scheduling  systems,  when  available,  arc  generally  improperly  used; 
professionals  arc  overburdened  with  administrative  work;  poor  staff  and  patient 
traffic  patterns  detract  from  efficient  patient  processing;  and  poor  flow  of  data 
and  communications  between  OPD  clinics,  records,  ancillary  services  and  the 
inpatient  areas.  Another  characteristic  was  that  physicians  operating  in  the  OPD 
area  were  generally  allowed  to  establish  offices  and  adjacent  examining  rooms  . 
as  their  personal  territories.  In  many  eases  this  was  their  only  office  space 
and  became  their  retreat  for  activities  such  as  administrative  duties;  and 
education  and  research;  as  well  as  private  activities.  Thus,  while  more  and  more 
space  is  being  demanded,  large  portions  of  existing  OPD  space  stand  idle  while 
their  occupants  'arc  on  rounds  or  otherwise  engaged.  The  lack  of  space  is  further 
compounded  by  the  assignment  of  space  to  specialty  clinics  which  only  operate  on 
certain  days;  during  the  remainder  of  the  time  these  facilities  stand  idle. 

Improvement  Alternatives 

It  is  extremely  difficult  to  select  or  to  analyze  operational  improvement 
alternatives  that  will  have  an  effect  on  the  OPD  as  a  whole.  Some  of  the  alterna¬ 
tives  selected  for  the  study  then,  are  not  amenable  to  quantification  and  compari¬ 
son  for  the  present  value  method  for  cost  justification.  In  addition,  the  major  improvement 
is  inextricably  interrelated  to  a  more  effective  management  of  resources  based  on 
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in  improved  data  I'ltmniunii  ation  system  (see  Communications  ind  Data  Manage¬ 
ment).  The  second  mo.st  Important  improvement  is  related  to  better  facility 
design  logii  incorporating  betu  r  traffic  pitterns  and  discrete  clinics  with  rapid 
and  b*gical  growth  capabilities  tied  to  better  demand  forecasting. 

There  an  ,  however,  five*  areas  which  wen*  isolated  for  evaluation  and 
iu.il\  sis: 


(1)  The  training  and  extensive  use  of  highly  trained  Physicians  Assistants 
to  relieve  the  physician  of  the  hulk  of  his  present  administrative 
functions  and  increase  his  effectiveness. 

(2)  Automated  Multiphasic  Testing  to  rapidly  provide  the  physician  with 
more,  highly  accurate  physiologic  data. 

<*t>  Multiple  use  of  facilities  to  hettcr  utilize  hospital  space  and  equipment 
and  to  permit  longer  hours  of  operation  in  the  OPD. 

(  I)  Increased  number  of  examining  rooms  per  physician  to  increase  the 
physician's  throughput  capability, 

(a)  The  introduction  of  outpatient  surgery  (Surgicentcr)  to  reduce  costs 
for  minor  surgical  procedures. 


Conclusions 

< I )  There  are  a  number  of  functions  which  physicians  now  perform  in  the 
ni.lir  System  which  can  be  performed  by  an  adequately  trained 
Physician's  Assistant  without  lowering  the  quality  of  health  care. 
Generally,  these  activities  are  of  an  administrative  and  technical 
nature  and  do  not  require  extensive  medical  knowledge.  Use  of  these 
assistants  would  free  approximately  20  percent  of  the  physician's 
time  for  more  productive  medical  care  activities  in  this  manner. 

(2)  ft  is  practical  to  develop  and  maintain  adequate  education  and  train¬ 
ing  programs  within  the  DoD  to  produce  Physician's  Assistants. 

(3)  Most  outpatient  clinics  should  be  used  for  twelve  hours/day  five  days/ 
week  for  greater  utilization  of  facilities.  To  accomplish  this  would 
require  revision  to  the  planning  concepts  embodied  in  the  current 
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space  criteria.  The  major  elements  of  these  changes  would  he  related 
to  the  use  of  facilities  by  different  people  and  possibly  for  different 
specialties  over  the  course  of  a  week.  The  nature  of  most  clinic 
facilities,  therefore,  will  need  to  be  reexamined  and  facilities  which 
are  permanently  assigned  to  individuals  (such  as  offices)  will  need 
to  be  relocated. 

(4)  Most  clinic  practice  is  such  that  physician's  time  can  be  more  effectively 
used  if  he  is  allocated  more  than  one  examining  room.  This  analysis 
has  justified  the  use  of  at  least  two  such  rooms  per  physician.  While 
more  rooms  per  physician  may  be  justified  for  some  clinics,  this 
would  lead  to  more  specialized  facility  layouts. 

(5)  Scheduling  of  patients  to  clinics  —  both  inpatients  and  outpatients  — 

Is  a  management  tool  which  is  not  used  to  its  full  potential  in  the 
existing  system. 

Recommendations 

(1)  The  Physician's  Assistant  concept  should  be  adopted  for  all  outpatient 
clinics  in  now  BLHC  Systems.  Appropriate  education  and  training 
programs  should  be  created  for  developing  such  personnel  based  on 
an  assessment  of  the  scope  and  nature  of  the  activities  which  can  be 
displaced  from  the  physician  to  his  assistant. 

(2)  Staffing  and  programming  criteria  should  be  reviewed  to  establish 
the  changes  required  (if  any)  to  implement  the  Physician  Assistant 
concept. 

(3)  If  no  change  is  required  to  the  space  criteria  to  implement  alternative 
number  2,  a  study  should  be  initiated  to  consider  the  introduction  of 
this  concept  throughout  the  existing  BLHC  Systems. 

(4)  The  staffing  and  space  planning  criteria  for  outpatient  clinics  should 
be  reevaluated  and  revised  to  allow  for  those  alternative  operational 
procedures  which  have  been  shown  to  produce  more  effective  use  of 
facilities  and  personnel. 
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These  studies  should  be  directed  at  planning  and  design  erltei’la 
which  will  allow  for: 

(a)  Operation  of  most  elinles  twelve  hours/day  for  five  days/week. 

(b)  Provision  of  two  examining  rooms  per  physician  for  most  clinics. 

(e)  Provision  of  suitable  office  space  for  physicians  outside  the 

clinic  so  that  facilities  can  be  used  by  more  than  one  physician 
(or  specialty  if  necessary). 

(5)  The  study  required  for  the  above  recommendation  should  be  Integrated 
with  a  broader  study  of  the  design  logic  to  be  used  in  outpatient  facilities 
as  outlined  in  the  design  section  of  this  report. 

(G)  The  concept  of  "outpatient  surgery"  is  both  practical  and  can  be 
cost  justified  for  new  BLHC  Systems.  The  concept,  however,  is 
best  introduced  as  an  integral  part  of  the  composite  facility  — 
utilizing  the  existing  operating  room  suites;  personnel  and  ancillary 
services  as  distinct  from  a  separate  facility  and  staff. 

(7)  The  costs  and  benefits  to  be  gained  by  introducing  automated  multi- 
phasic  screening  arc  not  sufficiently  defined  or  cost  justifiable  to 
recommend  this  approach  for  the  BLHC  System  in  general  at  this  time. 

Analysis  of  Improvement  Alternatives 
A’tcmatlvc  1.  Physician  Assistants 

A  comprehensive  analysis  of  the  data  obtained  at  the  three  primary 
BLHC  Systems  provided  the  study  team  with  a  listing  of  the  physician's  duties 
in  each  of  the  outpatient  clinics  and  an  assessment  of  the  amount  of  time  required 
for  each  of  these  activities.  The  nature  of  each  of  these  activity  groups,  the 
level  of  skill  required,  and  the  role  it  played  In  the  diagnostic  and  therapeutic 
processes  was  established.  From  these  data  those  activities  which  could  be 
appropriately  performed  by  competent  nonmedical  personnel  and  the  associated 
savings  were  established. 

The  conclusions  concerning  the  potential  for  transferring  activities  to 
Physician's  Assistants  were  carefully  evaluated  by  medical  experts  to  ensure 


3.3-104 


these  proposals  would  not  lower  the  quality  of  patient  care.  The  statc-of-thc-art 
survey  was  then  reviewed  to  establish  whether  similar  proposals  were  being 
implemented  in  other  health  care  systems  and  what,  if  any,  difficulties  were  to 
be  expected  in  training  and  using  military  personnel  in  this  manner.  This  alter¬ 
native  appeared  viable  from  all  these  viewpoints. 

A  cost  analysis  was  then  performed  using  the  following  assumptions: 

•  At  least  20  percent  of  the  physician's  time  be  freed  using  this  alter¬ 
native. 

•  At  least  50  percent  of  the  cost  of  an  average  outpatient  clinic  visit 
represents  physician  time  cost. 

•  The  average  outpatient  clinic  visit  cost  is  $4. 91 . 

•  The  personnel  cost  for  a  physician's  assistant  is  25  percent  less 
than  for  a  physician. 

The  cost  savings  per  visit  was  calculated  as  follows: 

($4.91x0.5)  x  (0.2)  x  (0.25)  =  $0. 12/visit 
For  the  range  of  BLHC  Systems  covered  by  this  study  the  annual  expected  savings 
are  as  follows: 

Number  Outpatient  Visits/Year  Annual  Cost  Savings  1970  Values 

300,000  outpatient  $36 ,000 

450, 000  outpatient  $53, 000 

650,000  outpatient  $78,000 

Although  the  cost  required  to  train  personnel  as  physicians'  assistants 
was  not  deducted  from  these  savings,  the  above  assumptions-arc  relatively 
conservative  and  Westinghouse  estimates  the  use  of  this  alternative  is  at  least 
a  breakeven  proposition  and  therefore  cost  justifiable.  The  cost  savings  will 
increase  over  time  as  personnel  costs  escalate. 

Alternative  2.  Automated  Multiphaslc  Testing 

This  alternative  relates  to  a  generic  grouping  rather  than  a  specific 
single  hardware  item  or  management  procedure  and  as  such  there  is  considerable 
variation  in  understanding  its  objectives,  methods  and  scope  of  procedures. 
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This  alternative  has  been  classified  as  acombination  of  automated  clinical 
laboratory  procedures  and  manual  testing  c  oupled  with  a  dedicated  BLHC  System 
computer  designed  to  conduct  in  a  single  2-hour  visit  an  extremely  broad  array 
of  tests.  This  generates  an  adequate  physiological  profile  for  patient  review  and 
consultation  at  the  end  of  that  time  span. 

The  major  objective  of  niultiphasie  testing  is  to  review  large  numbers 
of  apparently  well  people  with  a  high  degree  of  accuracy  and  at  low  cost.  It  is 
largely  a  preventive  medicine  tool  in  that  early  indications  of  abnormality  can 
be  detected  and  treated.  This  procedure  is  also  intended  to  gene  rate  more  data 
at  less  cost  than  would  be  incurred  if  each  of  the  tasks  were  performed  separately. 

Advocates  of  this  alternative  argue  that  its  advantages  are: 

(1)  Better  patient  data  profiles,  even  when  obtained  on  apparently  well 
people,  arc  an  aid  to  the  diagnostic  process. 

(2)  Early  detection  of  diseases  will  result  In  less  costly  treatment  and 
probably  lower  mortality  rates. 

(3)  That  economies  of  scale  exist  which  will  bring  the  cost  for  each  in¬ 
dividual  down  to  an  acceptable  level. 

The  Westinghouse  review  of  this  alternative  indicates  that  multiphasie 
testing  may  have  definite  value  to  the  military  for  pre-induetion,  periodic, 
and  discharge  physicals  for  active-duty  personnel,  as  well  as  a  preventive  medi¬ 
cine  program  for  the  dependent  population.  The  software  and  equipment  is  so 
complex,  however,  that  there  is  some  dispute  as  to  what  tests  should  be  done. 
Also,  the  costs  for  performing  a  complete  multiphasie  testing  program  cannot 
be  reduced  below  a  cost  which  is  4  to  5  times  the  cost  of  present  physicals. 

Thus,  there  is  little  or  no  basis  for  recommending  this  procedure.  In  addition, 
the  little  evidence  which  docs  exist  regarding  the  early  detection  capability  and 
economies  of  early  treatment  are  inconclusive  and  not  substantive  enough  to 
argue  for  its  introduction. 
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Alternative  3.  Multiple  Use  of  Facilities 

Multiple  use  of  facilities  extends  space  and  equipment  use  beyond  the 
normal  daylight  working  hours.  Ambulatory  facilities  in  the  BLHC  System  are 
typically  overcrowded  between  9  a.m.  and  5  p.m.  After  5  p.m.  all  clinics, 
except  the  emergency  room,  close  until  9  a.m.  the  next  morning. 

The  trend  in  civilian  hospitals  to  extend  elinie  hours  beyond  5  p.m.  is 
applicable  to  military  systems.  For  example,  induction,  periodic,  and  discharge 
physicals  are  all  presently  done  between  9  a.m,  and  5  p.m.  By  moving  these 
physicals  to  6  to  10  p.m. ,  all  laboratory  tests  such  as  blood,  urine,  X-ray, 
vision,  audiogram,  EKG,  spectrometry,  and  dental  eare  eould  be  completed 
in  two  hours  per  patient,  leaving  ample  time  for  physician  review  prior  to 
patient  examination. 

Also,  periodic  physicals  require  active  duty  personnel  to  be  away  from 
work  for  an  average  of  4  hours,  a  loss  of  productive  time  which  could  be  elimi¬ 
nated  if  physicals  were  given  after  working  hours.  For  example,  in  a  system 
where  12,000  physicals  are  given  each  year  (45  per  working  day),  assuming 
2  hours  per  examination,  $9,000  average  annual  pay,  4  percent  labor  escalation, 

20  percent  fringe  benefits,  and  10  percent  discount  rate,  that  system  eould 
save  $233, 000  (present  value  dollars)  over  the  25-year  life  cycle.  Benefits 
which  accrue  through  multiple  use  of  facilities  include: 

(a)  Pediatric  and  pre-natal  eare  and  family  planning  programs  will  be 
more  available  during  the  6  to  10  shift,  therefore,  mothers  and  children 
can  most  readily  avail  themselves  of  the  services. 

(b)  By  increasing  operating  time  from  7  to  12  hours  per  day,  facilities 
will  be  available  71  percent  more  time  and  space  requirements  will 
be  reduced  by  31  percent.  A  system  planned  to  provide  100  physicals 
per  7  hour  shift  needs  3,500  square  feet;  on  the  basis  of  a  12  hour 
operation,  the  same  number  of  patients  eould  be  processed  in  2,250 
square  feet,  reducing  initial  Investment  by  $37,500  (1250  square  feet 
at  $30  per  square  foot). 
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Alternative  4,  More  Examining  Rooms  per  Physician 

The  number  of  examining  room  per  physician  is  typScally  a  one-to-one 

ratio  in  existing  BLHC  Systems.  Exceptions  include: 

Type  of  Practice  Number  of  Examining  Rooms  /  Physician 

General  Practice,  Unscheduled  2 

Surgical 

Orthopedic  2 

Plastic  2 

KENT,  Otorhinolaryngology  2 

Pediatrics  2 

OB-GYN  2 

Physical  Examination  2 

Physicians  in  the  BLHC  Systems  studied  consistently  complained  about 

the  lack  of  examining  rooms,  a  condition  resulting  from  two  causes: 

(1)  As  breadth  of  demand  for  outpatient  services  increased,  specialties 
which  had  been  allocated  two  rooms  were  reduced  to  one  to  accom¬ 
modate  additional  specialties;  staff,  however,  was  increased, 

(2)  Current  space  criteria  (DoD  (>015.7,  18  December  G8)  does  not 
allocate  two  examination  rooms  to  any  clinics  which  have  more  than 
a  20  minute  per  visit  schedule. 

Outpatient  costs  can  be  significantly  reduced  by  assigning  two  examination 
rooms  per  physician  in  all  clinics,  if  posslbte.  Table  3. 3-23  was  developed  based 
on  the  following  assumptions : 

(1)  Fifty  percent  of  patient  visits  are  being  performed  by  physicians  using 
two  examination  rooms. 

(2)  Twenty-five  percent  of  the  remaining  patient  visits  can  be  performed 
by  physicians  using  two  examination  rooms. 

(3)  Physicians  time  is  valued  at  17^/minute  or  $20, 000/year. 

(4)  Number  of  examination  rooms  available  will  not  increase  directly  due 

to  reduction  in  exam  time  and,  therefore,  will  increase  patient  throughput. 

(5)  Examination  room  space  costs  $30/ square  foot. 

(6)  All  costs  and  savings  are  expressed  in  present  value  dollars. 

(7)  The  number  of  outpatient  visits  per  year  is  300,000  (the  same  as 

Beaufort,  the  smallest  BLHC  System  studied). 
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If  only  one  minute  of  physician  time  per  examination  were  saved  by  utilizing 
two  examination  rooms  per  doctor  (for  example  the  physician  need  not  wait  for  one 
patient  to  dress  following  an  examination  belore  seeing  the  next  patient  with  two 
examination  rooms)  the  net  present  value  savings  over  25  years  would  be  $235,536. 

A  four-minute  savings  would  save  $1,317,144  over  the  same  period.  This 
savings  can  be  realized  without  decreasing  the  quality  of  health  care. 

Alternative  5.  Outpatient  Surgery 

Outpatient  Surgery  (Surgicenter)  is  designed  for  patients  needing  minor 
surgery.  These  are  patients  who  could  arrive  in  the  morning,  have  their  opera¬ 
tion  performed  under  the  required  anesthesia,  recover  in  the  recovery  room, 
and  be  returned  home  accompanied  by  a  responsible  adult  before  the  end  of  the  day. 

The  concept  is  applicable  to  surgical  procedures  which  do  not  require 
extensive  pre-  or  post-operative  care  —  approximately  20  percent  of  all  surgical 
procedures  now  done  in  the  hospital  (primarily  for  military  dependents). 

The  following  represents  the  estimated  economic  impact  of  ambulatory 
surgery  in  Military  Base  Level  Health  Care  System. 

In  the  primary  BLHC  Systems  studied  by  Westinghouse,  the  number  of 
surgical  procedures  ranged  from  approximately  1000  per  year  to  3600  per  year. 

If  we  assume  that  20  percent  of  these  procedures  can  be  accomplished  on  an  ambulatory 
basis  and  that  two  and  one-half  of  the  normal  three  days  of  post  operative  can 
produce  a  savings  of  500  beds  days  in  the  smaller  system  and  1800  in  larger 
systems.-  This  savings  is  primarily  in  light  care. 

The  Westinghouse  functional  costs  show  a  direct  savings  in  labor  from 
wards,  dietary  and  laundry  of  $12.50  per  light  care  day  and  in  supplies  of  $2.50  per 

light  care  day.  The  first  year  savings  for  the  smaller  system  would  then  be 

$7,500  and  in  the  larger  system  $27,000  over  a  25  year  life  cycle. 

BLHC  System  surgical  costs  can  be  significantly  reduced  as  shown  in 

Table  3.3-23. 
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WARD  MANAGEMENT 


Ward  Management  -  the  application  of  nursing  and  administrative 
services  to  individual  wards  —  is  presently  the  largest  single  personnel 
cost  in  the  BLHC  System.  Because  of  rapidly  increasing  costs  and  general 
unavailability  of  nursing  personnel,  ward  management  urgently  needs  an  in- 
depth  study  of  present  and  alternative  staffing  and  organizational  procedures. 

At  present,  the  total  nursing  and  ward  support  staff  required  is  generally 
determined  by  relating  nurses  to  the  nominal  number  of  patients  for  which 
the  facility  is  designed.  This  staffing  need  is  usually  calculated  as  hours 
per  day  of  nursing  time  needed  for  the  "average"  patient  in  each  specialty 
and/or  ward.  This  procedure  is  satisfactory  only  if  patient  dependent  mix  remains 
constant, not  only  in  the  total  system  but  on  a  ward  by  ward  basis.  One  of 
the  prime  objectives  of  any  staffing  or  organizational  structure  should  be  one 
that  is  flexible  enough  to  recognize  and  adapt  quickly  to  changes  in  the 
number  and  mix  of  patients,  and  to  workload  and  performance  variations. 

This  would  give  more  efficient  staffing  and  organizational  procedures  with  a 
probable  improvement  of  quality  of  care. 

Sound  personnel  policies  will  supply  a  working  climate  which  is 
conducive  to  nursing  excellence  and  achievement,  while  increasing  job 
satisfaction  and  decreasing  job  tensions  and  turnover. 

TECHNICAL  APPROACH 

The  Westinghouse  data  gathering  and  analysis  activities  enabled  the 
Study  Team  to  compile  a  detailed  set  of  data  concerning  the  present  methods 
of  ward  management  at  the  BLHC  Systems.  Using  the  data  gained  in  the 
State-of-the-Art  Survey  and  work  performed  by  consortium  team  members, 
the  implications  of  al  ematives  were  calculated  and  compared  against  the 
present  system. 
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PRESENT  STAFFING  METHOD 


The  following'  operational  and  staffing  data  is  the  result  of  work 
sampling  studies  at  Beaufort,  Malcolm  Grow,  and  Walson  military  hospitals. 

For  verification  of  the  data,  these  results  were  compared  with  previous 
Westinghouse  studies  of  civilian  hospitals.  A  work  sampling  study  of  25 
nursing  activities  revealed  that  the  following  eight  work  categories  comprise 
the  major  portion  of  ward  management  activities: 

1.  Patient  Care  —  direct  patient  contact  (administering  medication, 
giving  back  rubs,  changing  sheets),  or  services  performed  at  a 
distance  from  the  patient  but  which  directly  affect  his  well-being 
(preparing  medication  at  the  Nursing  Station,  preparing  bandages, 
or  preparing  an  IV  bottle). 

2.  Administrative  Clerical  —  Supervision:  writing  office  reports,  dail>  census 
slips  and  weekly  time  sheets,  and  giving  or  receiving  instructions; 
Communications:  recording  information  (charting  nurses'  notes, 

making  out  the  diet  iist,  transcribing  orders,  and  checking  inventory). 

3.  Housekeeping. 

4.  Instructional  —  primarily  on-the-job  training  of  corpsmen  and 
continuing  education  of  nursing  staff  personnel. 

5.  Outside  Unit,  Ward  Related  —  escorting  a  patient  or  running 
errands  off  the  unit. 

6.  Travel  time  —  time  spent  in  the  unit  moving  between  rooms  and 
work  area,  and  delivering  supplies. 

7.  Unrelated  activities  —  personal  and  idle  time  (including  lunch 
and  coffee  break),  and  being  off  the  unit  for  reasons  unrelated 
to  ward  activities. 

8.  Unobserved  activities  —  person  could  not  be  found  or  v/as  oft 
the  unit  for  an  unknown  reason. 
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The  results  of  the  work  sampling  studies  are  presented  in  the  Data 
Inventory  volume.  A  summary  of  the  results  is  shown  in  Table  3.3-24  which 
expresses  nursing  time  devoted  to  each  activity  as  a  percentage  of  the  total 
time  on  the  job. 

The  Westinghouse  study  attempted  to  generate  an  overall  statement 
of  general  characteristics  for  the  present  system;  however,  the  sample  is 
quite  limited  (three  primary  study  hospitals)  and  some  additional  comments 
and  qualifications  are  listed  below. 

1.  Time  devoted  to  patient  care  at  Walson  appears  to  be  significantly 
higher  than  at  Beaufort  and  Malcolm  Grow.  Walson  also  shows  a 
higher  percentage  of  time  devoted  to  patient  care  on  the  second 
shift  than  on  the  first,  while  Beaufort  shows  decreased  per¬ 
centages.  (Malcolm  Grow  was  not  studied  in-depth  on  the 
second  shift.) 

2.  Nurses  at  Walson  spend  a  lesser  percentage  of  their  time  on  administrative 
and  clerical  tasks  than  do  nurses  at  the  other  two  BLHC  Systems. 

This  difference  cannot  be  explained  as  a  result  of  lower  staffing  on 
second  shift  because  Beaufort  also  had  lower  staffing  on  second  shift. 

3.  Walson  devotes  considerable  time  to  instruction,  probably  because 
of  its  emphasis  on  on-the-job  training  programs. 

4.  Housekeeping  time  is  lowest  at  Walson  because  this  service  is 
contracted  to  an  outside  agency. 

5.  Errand  and  escort  time  shows  a  wide  variation  between  the 
three  BLHC  Systems. 

6.  Idle  and  personal  time  shows  little  variation  between  hospitals 
and  would  appear  to  be  independent  of  service  and  scale. 

7.  Unobserved  activities  are  significantly  higher  at  Walson. 

8.  Table  3.3-24  shows  the  average  time  for  all  shifts  devoted  to  a  work 
classification;  however,  variations  between  shifts  were  observed. 

For  example,  patient  care  consumes  34.9  percent  of  total  time 
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WARD  MANAGEMENT  WORK  SAMPLING 
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on  the  first  thrift,  42.3  percent  on  the  second.  Actual  man  hours 
devoted  to  patient  care  decrease  on  the  second  and  third  shifts 
because  total  staffing  is  reduced.  Administrative  and  clerical 
duties  consume  22.7  percent  of  available  time  on  the  first  shift 
and  17.8  percent  on  the  second.  Almost  all  housekeeping  and 
instruction  is  done  on  the  first  shift.  Escorting  and  business 
off  the  ward  increases  greatly  on  the  second  shift.  Idle, 
personal,  and  lunch  time  is  fairly  constant  for  all  shifts. 

9.  Variations  in  workload  emphasis  during  shifts  were  also 

observed.  Patient  care  is  highest  early  in  the  morning  and 
steadily  declines  as  the  day  progresses.  Administrative  and 
clerical  work  at  Walson  and  Dix  peaks  at  1600  to  1700  hours, 
then  falls  off  rapidly;  Beaufort  peaks  at  0900  -  1000  hours. 

Peaks  are  also  noticeable  for  travel,  idle,  personal,  and 
housekeeping  time. 

As  indicated  above,  the  Study  Team  compared  these  data  obtained  from 
observations  in  general,  medical,  surgical,  orthopedic  and  pediatric  wards  with 
data  obtained  from  prior  civilian  hospital  studies  to  determine  whether  there  were 
major  differences  in  the  utilization  of  ward  management  personnel  that  would 
immediately  indicate  areas  for  improvement. 

Civilian  ward  management  personnel  devote  a  higher  percentage  of 
their  time  to  patient  care  and  administrative  duties  than  those  in  the  BLHC 
Systems  studied.  This  may  be  expalined  by  a  difference  in  patient  dependency, 
that  is,  civilian  patient  mix  is  generally  more  acute.  It  may  also  be  due  in  part 
to  the  observed  tendency  of  military  patients  to  assist  each  other  and  to  assume 
a  significant  percentage  of  the  ward  management  functions.  Apart  from  these 
minor  variations,  there  were  no  apparent  major  differences. 

Staffing  analysis  of  sixteen  military  hospital  units,  utilizing  the  University 
of  Michigan  study  methodology  (Appendix  3.3-2)  indicates  a  range  of  staff 
requirements  per  occupied  patient  bed  of  from  two  to  sixteen  nursing  staff  hours. 
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A  review  of  the  nursing  units  from  which  these  data  were  obtained 
indicates  that  differences  in  patient  dependency  levels  could  not  adequately 
account  for  such  a  wide  range  of  total  nursing  time  per  occupied  bed  (refer  to 
figure  3. 3—13). 

The  data  were  re-examined  to  compare  levels  of  staffing  and  types 
of  staffing  mix  to  quality  of  care  (as  defined  in  Appendix  3.3-2).  "Low" 
staffing  was  defined  as  1 . 9  -  4. 1  nursing  hours  per  occupied  bed  day; 

"medium"  staffing  as  4.2  -  0. 1 :  and  "high"  staffing  as  0.2  -  10.0.  From 
this  analysis  the  Study  Team  concluded  that' 

1 .  Average  quality  of  care  (as  measured  by  the  University  of  Michigan 
methodology)  observed  in  medium-  and  high -staffed  units  is  approximately 
equal,  but  significantly  higher  than  that  of  low-staffed  units.  (See 
Figure  3.  3-38). 

2.  Staff  hours  per  bed  on  wards  where  the  present  bed  occupancy  rate 
is  lowest. 

3.  High-staffed  units  employ  50  percent  RN's;  medium-staffed, 

45  percent;  and  low-staffed,  40  percent,  indicating  that 
relatively  expensive  personnel  are  being  under-utilized  in 
high-staffed  units. 

4.  Understaffing  decreases  costs  but  also  tends  to  effect  an 
observable  lowering  of  the  quality  of  patient  care  as  defined 
by  this  technique. 

5.  Overstaffing  is  expensive  and  inefficient  and  does  not  improve 
the  quality  index  significantly. 

PRESENT  ORGANIZATION  PROCEDURES 

Ward  management  organizations  in  the  three  primary  BLHC  Systems 
were  similar  with  one  exception:  as  hospitals  become  larger,  adminis¬ 
trative  and  clerical  personnel  increasingly  relieve  the  nurse  of  non-patient 
care  duties.  For  example,  Figure  3.3-39  shows  the  organization  at  Beaufort, 
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Fig.  3.3-39  Existing  Nursing  Organization  Beaufort  Naval  Hospital 


ell 


the  smallest  hospital  studied,  and  Figure  3,3-40,  the  organization  at 
Walson,  the  largest  hospital  studied. 

The  University  of  Michigan  approach  was  used  to  obtain  an  under¬ 
standing  of  ward  management  in  terms  of  how  the  various  organizational 
factors  may  influence  performance  (Fig.  3.3-41).  This  study  concluded 
that  the  cost-quality  relationships  are  observable  and  can  be  qualified  (refer 
to  Table  3.3-25).  General  conclusions  are: 

(1)  The  smaller  the  turnover  in  the  staff,  the  higher  the  per¬ 
formance  (it  should  be  note'1  that  military  turnover  can  be 
partly  controlled,  for  example,  length  of  tours  of  duty). 

(2)  Formal  reporting  structure  has  a  strong  effect  on  performance. 
There  are  many  elements  to  this  conclusion,  however;  per¬ 
formance  improves  greatly  when  the  professional  nursing  staff 
(RN  and  LPN)  reduce  their  responsibility  for  non-professional 
activities  (clerical,  housekeeping,  dietary,  supplies,  etc.) 

(3)  Information  organization  affects  performance  primarily  in  two 
areas: 

•  A  more  participative  style  of  management  at  the  patient 
unit  level  leads  to  higher  performance. 

•  A  clearer  understanding  of  an  individual's  responsibilities 
within  the  organization  leads  to  higher  performance. 

(4)  Personnel  satisfaction  is  affected  by  organizational  characteristics 
and,  furthermore,  personnel  satisfaction  has  a  positive  effect  on 
performance  and  reduces  turnover. 

(5)  Workload,  based  on  patient  volume  and  type,  education,  and 
research  programs  in  the  hospital  are  important  considerations 
in  establishing  cost.  They  represent  a  significant  portion  of 
personnel  activities. 
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Fig.  3.3-40  Existing  Nursing  Organization  W.  A.  H.  -  Dix 
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FIG.  3.3-41  -  CONCEPTUAL  MODEL  OF  THE  PATIENT  CARE  OPERATION 
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Improvement  Alternatives 


Improvement  alternatives  were  grouped  into  two  categories: 

(a)  Those  relating  to  the  estimate  of  the  gross  numbers  and 
tvpe  of  staff  to  be  authorized  and  assigned  to  the  BLHCS's 
ward  management  function. 

(b)  Those  relating  to  the  organization  and  application  of  these 
staff  to  the  ward  management  functions. 

The  staffing  alternatives  were  selected  to  represent  the  full  range  of 
staffing  methodology  while  the  organizational  alternatives  were  selected  from 
the  state  of  the  art. 

Staff  Estimating  Alternatives 

Alternative  #1.  Present  Method.  This  was  typified  by  the  Work 
Center  Manning  Standards  used  by  the  Air  Force.  This  method  is 
based  on  the  use  of  work  sampling  studies  in  existing  facilities, 
extending  for  a  15-day  period  to  ensure  that  a  full  array  of  work 
patterns  are  observed  and  recorded.  Figures  3.3-42  and  43, 
developed  from  these  studies,  are  used  to  relate  total  estimated 
required  staffing  man  hours  for  a  given  level  of  "average  patients" 
in  several  broad  nursing  categories.  Staff  is  authorized  for  a 
BLHC  System  on  this  basis.  (Actual  staffing  patterns  at  the  pri¬ 
mary  study  hospitals  are  approximately  90  percent  of  authorized 
staffing. ) 

Alternative  #2.  The  Johns  Hopkins  Method.  This  method  is  based 
on  assigning  staff  by  patient  dependency  level  assuming  that  each 
level  of  dependency  requires  its  own  discrete  level  of  staffing.  The 
expected  average  daily  patient  load  must  be  defined  in  terms  of  three 
patient  dependency  levels  as  developed  by  R.  J.  Connor,  Johns  Hopkins 
University  -  self  care;  intermediate  care;  and  intensive  care.  Staffing 
requirements  for  each  level  have  been  calculated  from  previous  studies 
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Number  of  Nursing  Personnel  Nursing  Mdnhours 


3.5 


FIG.  3.3-42  -  MEDICAL  SURGICAL  NURSING  UNITS  RESOURCE 


FIG.  3.3-43  -  OBSTETRICAL  NURSING  UNIT  RESOURCE 
ALLOCATION 
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and  these  requirements  are  assigned  to  the  patient  mix.  Total  man 
hours  are  converted  into  staff  and  a  total  authorization  required  for 
patient  care.  To  this  is  added  a  constant  of  20  man  hours  per  day  per 
30-bed  ward  to  compensate  for  duties  which  must  be  performed  independently 
of  the  number  and  type  of  patients.  The  total  nurse  staffing  is  then 
calculated  as  follows: 

PA  =  20  +  .  5N  +  1.  ON  +  2. 5N 

1  £  O 

where:  PA  =  total  productive  hours  of  staffing  time  required 

N  ,  N,  ,  N  =  the  number  of  patients  in  dependency  categories 
1  _  «3 

1,  2,  and  3  respectively. 

Alternative  #3.  Massachusetts  Hospital  Group  NSMC.  This  method 
classifies  patients  into  minimal,  intermediate  and  complete  care, 
comparable  to  The  Johns  Hopkins  categories.  Time  demands  for 
each  patient  level  per  "normal  and  complete"  patient  days  were 
established,  based  on  data  obtained  from  nineteen  hospitals.  In 
addition,  adjustments  are  made  for  admission  and  discharge  days, 
for  example  an  intermediate  dependency  patient  would  require  2.  53 
hours  of  care  on  the  day  of  admission  rather  than  3.27  hours  on 
subsequent  days.  Time  values  are: 

Percent  of  Required  Hours 


Dependency 

Patient  Days 

of  Care  ] 

Minimal 

13 

2.79 

Intermediate 

31 

3.27 

Complete 

40 

4.47 

Admission  Day 

8 

2.53 

Discharge  Day 

8 

1.58 

Average  Patient 

100 

3.46 
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Alternative  #4.  The  University  of  Michigan  Method.  This  method 
is  based  on  using  a  ratio  of  staff  hours  to  patient  occupied  bed  days 
that  is  compared  with  a  measure  of  quality.  Cost,  expressed  in 
staff  hours  per  patient  day,  can  be  adjusted  for  varying  patient 
dependencies  (need  for  nursing  personnel  time)  to  form  a  Standard 
Need  Index.  Cost  (personnel  hours)  and  qualily  are  then  related 
and  plotted,  as  shown  for  the  three  BLHC  hospital  standards  on 
Figure  3.3-44.  This  shows  that  while  a  definite  relationship 
between  cost  and  quality  exists,  theft:  is  a  point  on  the  curve 
where  spending  additional  money  for  personnel  offers  sharply 
diminishing  increases  in  quality. 
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IE 

9. 
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3A 
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2A 

3. 
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4b 

11. 

Dix 

9A 

4. 

Oix 

3B 

12. 

Oix 

2A 

5. 

Andrews 

30 

13. 

Dix 

6A 

6. 

Oix 

2B 

14. 

Andrews 

JB 

7. 

Oix 

9B 

15. 

Di  x 

8a 

8. 

Andrews 

2H 

16. 

Dix 

7A 

Acceptable 
Staffing  Level 


K 


6  5 


12  3  4  5  6  7  8  9  10  II  12  13  14 

Total  Nursing  Personnel  Hours/  Patient  Day 


15  16  17 


FIG.  3.3-44  -  PERSONNEL  HOURS  PER  PATIENT  DAY  VS.  OVERALL 
QUALITY  (See  Appendix  3.3-2) 
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Alternative  #5.  The  Westinghouse  "Graduate11  Staffing  Method.  This 
method  draws  heavily  on  Veterans  Administration  Nursing  Activity 
Time  Standards,  and  is  the  most  comprehensive  staffing  alternative. 
It  is  the  only  alternative  which  considers  the  four  major  factors 
influencing  nursing  workloads:  quality  of  care,  type  of  patient, 
degree  of  patient  dependency,  and  type  of  nursing  skill  raquired. 

Workload  is  established  from  four  data  inputs: 

•  Time  standards  for  patient-related  activities,  developed 
specifically  for  an  individual  hospital,  or  modified  from 
existing  lists. 

•  Time  standards  for  activities  which  are  not  patient-related, 
such  as  administrative  and  clerical  work,  developed  the 
same  way  as  the  patient-related  standards. 

•  Adjustments  to  the  two  time  standards  for  all  defined 
activities  by  nursing  skill  level  to  determine  what  type  of 
nursing  staff  skill  should  perform  each  activity  and  which 
could  perform  each  activity.  For  a  given  activity,  the 
following  could  occur: 


Nursing  Personnel  Who: 

Class  of  Patient  Care 

Should  Perform 

Could  Pej-iurm 

I 

RN 

LPN 

n 

LPN 

- 

m 

LPN 

Aide 

•  Two  additional  factors  are  then  applied  to  the  time  standards: 
1.  A  Wbrk  Distribution  Factor  (WDF),  derived  from  the 

total  workload  per  patient  day,  is  applied  to  the  activity 

lev~ft  expected  on  each  shift. 
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2.  A  performance  factor,  evaluating  such  items  as 

fatigue,  personal  time,  degree  of  workload  leveling, 
and  interferences  between  activities  and  personnel. 
From  these  four  inputs,  a  series  of  lists  detailing  (1)  time 
per  activity  by  class  of  patient  care  and  (2)  tasks  unrelated 
to  patient  care  are  prepared  and  correlated  with  work 
distribution  and  performance  factors.  Table  3.3-26  illustrates 
how  total  time  needed  per  day  by  each  class  of  nurse  is 
computed.  Table  3.3-27  illustrates  how  work  distribution  and 
performance  factors  are  applied  to  establish  total  staffing 
needs. 


TABLE  3.3-26 

TOTAL  WORKLOAD  CALCULATION 
Nursing  Personnel  Class:  LPN-Aide 

Activities  Class  of  Patient  Care 


I 

II 

m 

Activity  A 

0 

min. 

10 

min. 

4 

min. 

Activity  B 

18 

ft 

12 

ii 

6 

ii 

Activity  C 

0 

ft 

0 

ii 

7 

it 

Activity  D 

15 

ft 

8 

M 

22 

n 

Activity  E 

_8 

Tf 

_8 

ii 

JB 

ii 

Total  Time/day/patient 

41 

min. 

38 

min. 

47 

min. 

Patient  Class 

No.  Patients 

Time/Patient 

(min.) 

Total 

(min.) 

Total  Staff* 

I 

5 

41 

205 

.4270 

n 

15 

38 

570 

1.1875 

in 

10 

47 

470 

.9791 

Totals 

30 

1245 

2.5937 

♦Total  Staff  = 

Total  Minutes 

60  x  8 
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TABLE  3.3-2  7 

WORK  DISTRIBUTION  AND  PERFORMANCE  FACTORS  FOR  STAFFING  NEEDS 


Col.  #4 

Col.  #5 

Col.  #6 

Col.  #7 

Total 

WFD 

1-PF 

No.  Persons 

Amount 

s 

Required 

Personnel  Categories 

of  Time 

Day  Shift 

Required 

Col.  #4  x  Col.  #5 

Per  Day 

Col.  #6 

Should 

Could 

Converted 

do 

do  Notation 

Into  Man 

Task 

Task  *or  FiS- 

Days 

3. 3-45 

RN 

RN 

N,  , 

2.40 

.55 

.80 

1.65 

1.1 

RN 

LPN 

N1  2 

2.47 

.55 

.80 

1.70 

LPN 

LPN 

N2,2 

4.07 

.55 

.80 

2.80 

LPN 

Aide 

N2,3 

3.64 

.55 

.80 

2.50 

Aide 

Aide 

N3, 3 

3.20 

.55 

.80 

2.20 

TOTAL 

15.78 

10.85 

The  procedure  for  determining  final  staff  mix  is  shown 
in  Figure  3.3-45,  The  various  nursing  categories  are  placed 
in  a  "graduate"  according  to  professional  skills  required; 
workload  which  can  be  done  by  RN's  only  is  put  in  first; 
by  LPN's, second;  and  by  aides,  last.  After  the  nurses, 
activities  are  plotted.  The  number  of  nurses  needed  is 
determined  by  going  up  the  "graduate"  to  the  next,  whole 
number.  LPN  and  aide  needs  are  determined  in  a  similar 
manner.  In  Figure  3.3-45  staffing  needs  are  two  RN's, 

5  LPN's,  and  4  aides. 
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I 


Requirements 

FIG.  3.3-45  -  STAFF  DETERMINATION  PROCEDURE 
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IMPROVEMENT  ALTERNATIVES 


Organization 

Organization  structure  was  studied  by  expanding  three  organizational 
concepts  to  five  improvement  alternatives.  The  three  general  concepts  are: 
present  military,  unit  manager,  and  nursing  specialist.  The  five  improve¬ 
ment  alternatives  considered  are: 

Alternative  #1.  The  present  military  organization  structure 
(Figures  3.3-39  &  40).  The  head  nurse  is  responsible  for  health 
care  and  ward  administration  which  too  often  results  in  poor  per¬ 
formance  of  both  duties.  Its  advantages,  however,  include:  single¬ 
person  responsibility  and  control  within  each  ward,  and  operational 
flexibility  to  practice  team  or  functional  nursing. 

Alternative  #2.  Conventional  Unit  Manager  (Figure  3.3-46).  With 
clerks  and  a  unit  manager  on  each  floor,  a  transfer  of  administrative 
and  clerical  responsibilities  to  a  unit  manager,  frees  the  nurse  for 
patient  care  duties.  This  alternative  is  also  operationally  flexible 
enough  to  enable  team  or  functional  nursing.  Disadvantages  include 
strict  requirements  for  job  descriptions  to  eliminate  any  misunder¬ 
standings  of  duties  and  the  possibility  of  having  two  "bosses",  and 
its  general  limitation  to  the  day  shift.  Unit  managers  should  be 
either  a  lieutenant,  a  warrant  officer,  or  high-ranking  enlisted  man. 

Alternative  #3,  The  Area  Unit  Manager  Organization  (Figure  3.3-47) 
This  is  a  variation  of  the  conventional  unit  manager  approach  with  the 
same  general  advantages  and  disadvantages.  Because  the  area  unit 
manager  has  broader  duties  than  the  ward  unit  manager,  he  should 
probably  be  an  officer. 
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FIG.  3.3-47  -  CONVENTIONAL  UNIT  MANAGER  -  VARIATION  #2 


3.3-136 


Alternative  #4.  Nursing  Specialist,  Added  to  the  Area  Unit  Manager 
Organization,  (Figure  3.3-48).  This  Alternative  eliminates  the  head 
nurse  on  each  unit.  Each  unit  is  managed  by  a  wardmaster  who 
reports  to  a  nursing  specialist.  The  nursing  specialist  supervises 
all  health  care  activities  through  the  wardmaster,  but  can  also 
administer  health  care  to  specific  patients  as  required.  Nursing 
specialists  are  most  often  used  in  a  staff  consulting  capacity. 

In  view  of  the  hostility  and  resistance  demonstrated  by  head 
nurses  and  supervisors  to  this  concept  wherever  it  has  been 
installed,  the  concept  being  considered  has  been  altered  to  place 
the  nursing  specialist  in  a  line  position  in  ^lice  of  the  head  nurse. 
Another  proF  with  the  nursing  specialist  alternative  is  the  general 
lack  of  qualified  personnel  able  to  assume  the  specialist's  duties. 

Alternative  #5.  The  Modified  Nursing  Specialist,  Unit  Manager 
Organization  (Figure  3,3-49. )  This  alternative  places  the  unit  manager 
in  a  role  where  he  reports  to  the  head  nurse  who,  in  turn,  reports 
to  a  nursing  specialist.  Clerical  and  administrative  functions  are 
assumed  by  the  unit  manager  on  all  shifts;  friction  between  the  unit 
manager  aid  nursing  care  coordinator  is  eliminated;  the  nursing 
care  coordinator  reports  to  a  nursing  specialist,  who,  in  addition 
to  being  responsible  for  the  quality  of  care  administered  in  all  of 
her  units,  can  also  be  in  direct  charge  of  the  nursing  care  for 
specific  patients.  The  administrative  and  clerical  duties  formerly 
performed  by  the  nursing  supervisor  are  now  performed  by  the  ward- 
master.  Fewer  nursing  specialists  are  needed  in  this  alternative 
than  in  the  conventional  nursing  specialist  alternative.  Definite  job 
descriptions  are  required. 
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ANALYSIS  OF  ALTERNATIVES 


Staffing 

Each  staffing  estimating  method  (Alternatives  if  1  through  #5)  was 
applied  to  a  hypothetical,  500-bed  hospital  with  a  patient  mix  representative 
of  the  BLIIC  System  as  a  whole.  The  staff  requirements,  in  terms  of  gross 
numbers  and  types  of  personnel,  were  determined  and  tabulated  in  Table 
3.3-28.  Authcrized  military  staffing  was  reduced  by  10%  to  reflect  actual 
conditions. 

The  wide  variations  in  total  staffing  between  the  five  alternatives 
leads  to  the  conclusion  that  the  comparability  and  reliability  of  all  results 
must  be  questioned  especially  when  comparing  the  military  to  the  civilian 
hospital  method  of  delivering  patient  care.  Many  activities,  such  as  meal 
and  mail  distribution,  making  beds,  assisting  patients  to  move  about,  which 
are  done  by  nursing  personnel  in  civilian  hospitals  are  done  by  ambulatory 
patients  in  the  military  hospitals. 

Table  3.3-28  also  presents  the  evaluation  of  staff  mix  for  each 
alternative.  Although  the  Westinghouse  "Graduate"  Staffing  method  shows 
twenty-nin«  fewer  total  people  than  the  present  military  method,  total 
personnel  costs  are  about  $217,000  per  year  higher.  It  is  possible,  however, 
that  emphasis  was  placed  on  performing  activities  by  personnel  with  higher 
skills  than  was  necessary.  Also  the  time  value  used  by  the  V.A.  is  probably 
be  completely  applicable  to  DoD. 

In  addition  to  these  quantitative  data,  a  further  set  of  qualitative 
evaluations  were  necessary  to  determine  whether  the  alternative  was  based 
on  a  method  which  could  be  readily  adapted  to  the  military  system.  These 
evaluations,  displayed  in  Table  3.3-29,  include: 

•  Procedures:  Takes  into  account  patient  level  of  dependency, 
medical  type  of  patient,  nursing  skill  required,  some  measure 
of  quality  and  admission/discharge  workload. 
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•  Staffing:  Was  staffing  developed  by  a  ratio  of  nursing  hours  to 
patients,  time  standards  or  evaluation  of  the  present  system 
through  use  of  work  sampling. 

•  Ease  of  manual  application. 

•  Can  the  system  be  computerized. 

•  Can  the  system  predict  future  staffing  needs. 

•  Can  the  system  evaluate  changes  in  Procedure  -  can  it  accurately 

determine  what  the  effect  of  a  change  in  dietary  or  pharmacy 
procedure  will  have  on  ward  staffing. 

•  A  comparison  of  the  amount  of  work  required  to  adapt  to  the 
military. 

Organization 

The  five  ward  management  organization  alternatives  were  evaluated 
using  the  following  eight  criteria: 

1.  Personnel  Control  —  does  the  organization  structure  permit 
management  to  exert  strong  control  over  ward  personnel? 

2.  Personnel  Friction  —  an  evaluation  of  the  degree  of  friction 
between  ward  and  ancillary  personnel  and  between  the  various 
personnel  on  the  ward,  due  to  the  staffing  organization. 

3.  Personnel  Tension  —  an  evaluation  of  the  amount  of  tension 
developed  in  individual  ward  personnel. 

4.  Job  Satisfaction  —  a  measure  of  the  degree  of  job  satisfaction 
ward  personnel  will  have  using  each  alternative. 

5.  Patient  Care  —  a  subjective  evaluation  of  the  quality  of  patient 
care  with  this  organization  structure. 

6.  Quality  of  Administrative  Functions  —  an  evaluation  of  how 
well  the  clerical/administrative  functions  are  performed. 
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7. 


Ease  of  Implementation  in  BLHC  System  —  an  evaluation  of 
the  difficulty  of  getting  the  organizational  structure  to  work 
smoothly  in  the  military. 

8.  Overall  Evaluation  —  an  average  evaluation  of  the  alternative 
for  the  seven  criteria  presented  above. 

The  results  of  these  evaluations  are  shown  on  Table  3.3-30. 

RECOMMENDATIONS 

Staffing 

The  Westinghouse  studies  conducted  at  the  three  primary  BLHC 
Systems  indicate  that  staffing  of  the  nursing  service  in  the  military  is 
generally  of  such  a  high  quality  that  opportunities  for  substantial  improve¬ 
ment  are  difficult  to  identify;  however,  there  are  some  areas  for  potential 
improvement. 

As  a  result  of  the  analysis  of  the  staffing  alternatives,  the 
Westinghouse  Study  Team  recommends  the  following: 

1.  Nursing  procedure  time  values  be  developed  for  military 
hospitals  by  type  of  patient,  level  of  patient  dependency, 
and  type  of  nursing  skill  required  using  the  V.A.  time 
values  as  a  starting  point  and  correlating  these  activities 
to  military  procedures. 

2.  The  Westinghouse  "Graduate"  staffing  procedure  be  implemented 
and  computerized  to  enable  the  Chief  of  Nursing  Service  to  vary 
unit  staffs  on  a  daily  basis  as  the  workload  varies. 

3.  A  staffing  concept  be  adopted  which  employs  a  trained  cadre 
of  nursing  personnel  available  for  assignment  to  various  units 
in  response  to  peak  workload  demands. 

4.  Re-evaluated  the  skills  needed  to  perform  specific  procedures. 
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Rating  Scale  Used  is  a  1  to  5  scale  where  1  is  Poorest  and  5  is  Best, 


5.  An  effort  be  made  to  level  the  nursing  workload  during  the  dav. 
This  could  be  accomplished  bv  rescheduling  from  the  peak 
morning  hours  of  0700  -  1000  procedures  such  as: 

•  Inpatient  movement  to  ancillary  areas 

•  Admission/discharge  for  admissions  other  than  morning 
sick  call 

•  Bed  baths 

•  Routine  procedures  such  as  medications  and  TPR's. 

If  rescheduling  these  and  other  similar  nursing  activities, 
the  variation  in  workload  in  a  500  bed  BL1ICS  can  be  reduced 
by  only  25  percent,  based  on  studies  shown  in  Appendix  II, 

Volume  V  Data  Inventory,  a  savings  of  10  ward  personnel  would 
be  possible. 

Organization 

Westinghouse  recommends  the  Modified  Nursing  Specialist-Unit 
Manager  form  of  organization.  Its  break  with  the  traditional  approach  is 
small  enough  to  make  it  readily  acceptable  to  all  personnel,  but  large 
enough  to  accomplish  the  goals  of  improved  organization.  This  alternative's 
major  departure  from  present  practice  is  the  freeing  of  the  nursing  staff 
from  administrative  tasks,  thus  allowing  them  to  concentrate  on  the  delivery 
of  patient  care.  The  present  NCOIC  ward  duties  should  be  changed  to  those 
of  a  Unit  Manager  with  responsibilities  for  all  clerical  and  administrative 
duties.  The  Unit  Manager  would  report  to  the  Nursing  Care  Coordinator. 
The  administrative  functions  now  performed  by  the  Nursing  Supervisor 
should  be  performed  by  the  Wardmaster  (who  presently  reports  to  the 
Nursing  Supervisor),  thus  enabling  the  Supervisor  to  function  as  a  Nursing 
Specialist. 

It  is  further  recommended  that  following  successful  implementation 
of  the  Modified  Nursing  Specialist  -  Unit  Manager  organizational  alternative 
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and  when  the  nursing  personnel  are  comfortable  with  the  new  concepts,  that 
DoD  consider  further  changes.  Two  recommended  alternatives  for  the 
future  are  shown  in  Figures  3.3-50  and  3.3-50.1,  however,  DoD  should 
base  all  changes  on  the  state  of  the  art  at  the  time  such  change  is 
contemplated. 
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Capt.  C.  J.  Schumaker  Jr.  USAF ,  MSC  and  Lt.  M,  J. 
Wood  JSAF ,  MSC.  "Proposal  for  expanding  unit- 
management  Concept"  Hospital  Topics  June  1970 


FIG.  3.3-50  -  EXPANDED  UNIT  -  MANAGER  CONCEPT* 
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EDUCATION  AND  TRAINING 

Education  and  training  programs  in  the  BLHC  System  are  usually  aimed 
at  personnel  orientation,  continuing  education,  or  on-the-job  training.  A  minor 
but  increasingly  important  objective  is  co  instruct  patients  and  their  families  in 
preventive  medicine  and  dentistry.  The  quality  and  scope  of  training  is  excellent. 

Education  and  training  is  an  important  and  continuing  process  in  the 
BLI1C  System  and  one  of  the  few  areas  where  the  effects  of  cost  and  inefficiency 
are  not  fully  understood.  Regardless  of  the  professional  level  at  which  an 
individual  enters  the  system,  continuing  education  and  training  arc  essential  if 
an  individual's  capabilities  and  potential  are  to  be  fully  utilized. 

Approximately  fifty  percent  of  all  BLHCS  education  and  training  is  on-the- 
job  training.  Typically,  approximately  sixty-three  percent  of  Army  and  Navy 
hospital  staff  arc  receiving  on-thc-job  training  to  prepare  them  for  assignments 
to  frontline  or  remote  facilities.  On-thc-job  training,  however,  demands 
considerable  expenditure  of  both  time  and  money,  reduces  teacher  efficiency, 
and  produces  non-uniform  instruction  of  a  type  that  is  particularly  difficult  to 
monitor. 

Expanding  patient  care  workloads  coupled  with  staff  shortages  severely 
limit  the  time  skilled  and  professional  personnel  can  devote  to  education  and 
training.  The  prime  objective  of  the  Westinghouse  study,  therefore,  was  to 
investigate  methods  by  which  these  personnel  could  be  relieved  of  repetitive 
training  duties  by  increased  use  of  electronic  and  mechanical  devices. 

Technical  Approach 

A  three-phase  technical  approach  was  used  for  the  study: 

1.  Education  and  training  problems  were  identified  by  the 
data  collection  team  at  each  of  the  three  primary  BLHC 
Systems. 
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2.  Personal  visits  by  Westinghouse  Learning  Corporation  consultants 
were  made  to  education  coordinators,  ward  supervisors,  NCO's,  and 
other  supervisory  personnel.  Thirty  interviews  were  conducted  at 
Beaufort,  45  at  Andrews,  and  60  at  Dix  to  determine  present  methods 
and  their  effectiveness. 

3.  Initial  research  was  undertaken  including  a  review  of  military 
publications  on  training -related  regulations,  manuals,  pamphlets, 
and  instructions  to  develop  a  preliminary  description  of  the  current 
training  procedures. 

Present  Alternative 

In  present  BLHC  Systems,  education  and  training  is  primarily  individualized 
on-the-job  training  (OJT);  selected  individuals  also  receive  formal  specialized 
training.  A  typical  medical  recruit  goes  through  the  training  curriculum 
illustrated  in  Figure  3.3-51.  Every  recruit  is  given  basic  medical  training  after 
which  thirty-five  to  fifty-five  percent  go  directly  to  the  BLHC  System  at 
unskilled  levels.  Forty-five  to  sixty-five  percent  progress  to  advanced  indivi¬ 
dual  training  in  Medical  Field  Service  Schools,  before  entering  the  BLHCS 
at  semi-skilled  or  skilled  job  levels.  A  small  percentage  are  returned  to  the 
Medical  Field  Service  Schools  for  further  supervisory  training. 

BLHC  System  education  and  training  programs  are  divided  into  four 
categories: 

1.  Orientation  programs  for  all  new  personnel. 

2.  Continuing  education  for  physicians  and  dentists,  nurses,  and 
administrators. 

3.  On-the-job  training  (OJT),  the  largest  cost  item,  for  all  new 
corpsmen  personnel  as  well  as  for  continuous  upgrading  of  all 
personnel. 

4.  Medical  Field  Service  Schools  for  specialty  training  in  medical, 
surgical,  dental,  clinical,  nursing,  administrative,  and  other 
support  specialties. 
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FIGURE  3.3-51:  FLOW  OF  PERSONNEL  THROUGH  MILITARY  HEALTH  SERVICES  EDUCATION  AND  TRAINING  SYSTEM 
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MEDICAL  FIELD  SERVICE  SCHOOLS 


Improvement  Alternatives 


Five  alternatives  selected  from  the  state-of-the-art  survey  warrant 
detailed  analysis  (See  Appendix  3.3-3).  Tho  preliminary  study  however,  indicated  that 
none  of  the  five  alone  had  all  the  desired  c ha raeteri sties.  Consequently,  a 
sixth  alternative  was  synthesized  in  an  attempt  to  further  meet  the  systems 
needs.  A  short  description  of  the  six  alternatives  follows: 

Alt.  #1  Programmed  Instruction  (PI)  uses  earefully  controlled  and  sequenced 
stimuli  designed  to  elicit  responses  from  the  student  at  a  pace  generally 
determined  by  the  student.  These  stimuli  can  be  presented  either  by  a 
test-workbook  method  or  by  a  teaching  machine. 

Branched  sequencing  programmed  instruction  was  ehosen  for  analysis 
because  it  allows  the  student  to  proceed  along  multiple  paths.  Information 
is  presented  and  questions  are  asked;  incorrect  answers  lead  to  additional 
instruction  and  explanation  related  to  that  question,  while  correct  answers 
allow  the  student  to  proceed  to  the  next  question. 

Alt,  #2  Learner  Centered  Audio-Visual  Devices  present  programs  using  a  wide 
variety  of  methods  including  35  mm  motion  pictures,  single  concept  sound 
filmstrips,  sound-on-sllde  presentations,  and  recordings.  Learner  Center 
devices  with  sound  and  filmstrip  cartridges  were  chosen  for  analysis. 

Alt,  #3  Instructional  Television  can  present  programmed  material  in  many 
forms  including  sound,  print,  picture,  motion  and  live  transmission  or 
in  partial  modes  such  as  audio  or  still  pictures  only.  It  may  also  be  used 
as  a  transmitter  to  distribute  and  display  data.  Because  there  are  no 
provisions  for  student  feedback, television  eannot  be  an  interactive  medium. 

Two  particular  forms  of  instructional  television  were  chosen  for  analysis: 
video  tape  recording  and  playback  (VTR);  and  closed  circuit  TV  without 
feedback  (CCTV-w/o  FB). 

Alt.  #4  Dial  Access  Information  Retrieval  (DAIR)  provides  access  to  a  central 
library  of  recorded  programs  for  all  personnel  authorized  to  use  the 
retrieval  devices.  Programs  can  then  be  displayed  on  a  television  sereen, 
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projector,  or  audioplaybaek  unit  at  any  time  merely  by  dialing,  an 
assigned  telephone -type  number  for  the  desired  program.  Dial  access 
with  audio  visual  devices  (DAIItS  A/V)  was  chosen  for  analysis. 

Alt.  Itr,  A  Combination  of  teaching  machines  with  branching  programming, 
combined  with  sound  and  motion  pictures  (TM-B-Snd-MP). 

Alt.  #0  Integrated  Media  which  combines  electronic  dial  access  (VIDAC) — 
developed  by  the  Westinghouse  Learning  Corporation  and  Newell 
Industries  —  with  instructional  program  management  information  and 
control.  VIDAC  is  more  compact,  larger  in  instructional  materials 
storage  capability,  and  considerably  less  expensive  than  conventional 
dial  access.  A  Wcstinghouse-developed  disc  scan  converter  and  an 
electronic  cross  bar  switcher  permit  rapid  access  to  stored  materials 
and  even  faster  "dump  time,"  during  which  the  desired  segment  of 
instruction  is  duplicated  in  an  intermediate  buffer  state,  thus  freeing 
the  master  storage  discs  for  large  numbers  of  almost  simultaneous  requests. 

Conclusions 

1.  From  the  Westinghouse  studies,  it  is  apparent  that  BLHCS  Education 
and  Training  processes  involve  almost  all  staff  to  some  extent  either 
as  teacher  or  student.  In  some  facilities,  as  many  as  two-thirds  of 
the  staff  may  be  involved  in  on-the-job  training. 

2.  "On-thc-job  training"  (OJT)  is  the  largest  cost  item  at  all  three 
hospitals,  ranging  from  46  percent  to  54  percent  of  total  education 
and  training  cost;  it  is  also  the  most  susceptible  to  cost  reduction. 

OJT  is  highly  labor  dependent — almost  always  on  a  one-to-one 
instructor-to-student  basis.  Teaching  aids  could  free  the  instructor 
from  some  of  the  routine  and  repetitive  teaching  tasks,  and  enable 
the  student  to  proceed  more  rapidly. 

3.  Present  OJT  methods  utilizing  staff  as  teachers  has  an  unquantifiable 
impact  on  the  effectiveness  and  efficiency  of  the  staff  in  the  performance 
of  their  regular  duties. 
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4.  Present  OJT  training  method  is  difficult  to  monitor  in  terms  of  student 
progress  and  uniformity  of  quality  of  instructions. 

5.  None  of  the  improvement  alternatives  identified  in  the  state-of-the- 
art  survey  is  capable  of  performing  all  the  Education  and  Training 
functions,  even  at  unreasonable  cost  levels,  and  none  of  the  alterna¬ 
tives  enabled  personal  instruction  to  be  entirely  eliminated. 

G.  The  study  team  concluded  that  Alternative  #6  —  "Integrated  Media" 
offers  the  best  potential  in  terms  of  lowest  operating  cost,  scope  of 
instructional  programs,  simplicity»flexibility,  and  effectiveness. 

These  advantages  outweigh  the  only  major  disadvantage  —  the 
instructional  program  cannot  be  paced  to  the  individual  learner. 

7.  The  predominant  cost/benefit  justification  for  Alternative  #6  is 
based  on  a  reduction  in  life  cycle  ccst  for  the  direct  and  identifiable 
costs  of  OJT  training.  Additional  economics  should  derive  from 
more  effective  utilization  of  staff  freed  from  teaching  duties. 

8.  The  media  used  in  Alternative  #6  is  suitable  for  use  in  several  fields 
of  Education  and  Training  other  than  on-the-job  training,  thus 
resulting  in  further  cost  savings.  For  example,  the  system  can  be 
interfaced  with  reference  data  and  research  data  banks,  distributing 
these  data  more  fully  throughout  the  hospital. 

Recommendations 

1.  Westinghouse  recommends  that  all  new  BLHC  Systems  be  designed  and 
equipped  for  Alternative  #G  —  "Integrated  Media"—  since  studies 
have  shown  savingsin  the  order  of  30  percent  to  44  percent  of  the 

total  Education  and  Training  cost,  depending  or  the  size  and  scope  of  the 
BLHC  System. 

2.  Design  and  staffing  criteria  should  be  revised  to  accommodate  the 
"integrated  media"  approach. 

3.  An  analysis  should  be  undertaken  to  determine  the  feasibility  of 
installing  the  "integrated  media"  system  in  existing  BLHC  Systems, 


3.3-155 


Evaluation  Assumptions 

Functional  costs  associated  with  Education  and  Training  at  the  three 
primary  study  BLIICS  were  broken  down  by  activity  and  by  personnel  and  non¬ 
personnel  categories,  as  shown  on  Tables  3.3-31,  32  and  33. 

1 .  Personnel  costs  include  instructor  and  trainee  time  multiplied  by  an 
average  rate  for  the  three  hospitals  and  does  not  include  the  cost  of 
the  service  component  involved,  i.e.  patient  eare  delivery. 

2.  Non-personnel  costs  include  learning  materials,  their  development 
and  periodic  updating  or  revision,  and  initial  and  operating  costs  of 
equipment  and  facilities. 

Costs  at  Beaufort,  Andrews,  and  Dix  were  projected  to  "typical”  250-, 
f>00-,  750-,  and  1000-bed  hospitals,  using  the  following  cost  factors: 

1.  Staff  size  was  compared  to  number  and  percent  of  staff  in  training 
on  Table  3.3-34.  Beaufort  and  Dix  averaged  63  percent  of  total  staff 
in  training  at  any  one  time,  while  Andrews  averaged  only  29  percent. 

This  large  variation  is  attributed  both  to  the  two  year  tour  of  duty 

in  the  Air  Force  and  the  policy  of  keeping  corpsmen  in  the  system 
throughout  their  tour  of  duty,  while  the  Army  and  Navy  transferred 
trained  corpsmen  to  the  field  more  quickly, 

2.  Table  3.3-35  shows  instructor  and  trainee  hours  devoted  to  OJT  by 
function  as  well  as  hours  of  instruction  and  hourly  rate  of  pay  averaged 
over  the  three  study  hospitals.  Total  personnel  (OJT)  costs  for  four 
typical  hospital  sizes  is  shown  on  Table  3.3-36  and  plotted  on  Figure  3.3-52, 

3.  Learning  materials  and  equipment  requirements  will  vary  with  hours 
of  instruction  required  within  each  functional  area.  Table  3.3-37  lists 
the  major  functions  together  with  the  Westinghouse  estimate  of  the 
instructional  needs  for  each  major  function  based  on  the  data  gathered 
and  surveys  performed  (aggregating  eight  categories  of  instructions 
under  Ward  Management  and  three  under  Dental  Clinics. )  The  OPD 
estimate  assumes  a  scale  relationship  in  the  number  of  departments 

as  related  to  size  of  hospital  and  assumes  12,  15  and  18  departments 
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[TOTAL  ANNUAL  COST  186,  ] 64  186,370  66,570  23,974  4,451  25,219  1196  9955  7064  63,933  K394,896 
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Staff:  Patient  Ratio  (Actual)  Staff:  Patient  Ratio  (Cap) 

B  555  :  200  (2.77)  B  555  :  280  (1.98) 

A  1098:297  (3.69)  A  1098:350  (3.13) 
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for  250~,  500-  and  750-bed  hospitals,  respectively.  Total  instruc¬ 
tional  hours  needed  are  converted  to  number  of  ten- minute  audio 
visual  programs  by  multiplying  instructional  hours  by  six.  Equip¬ 
ment  requirements  depend  upon  the  number  of  terminals  or  consoles 
(TV  monitors)  needed  to  provide  access  to  programs  stored  in  a 
central  data  bank,  and  the  size  of  the  data  bank.  The  number  of 
terminals  required  depends  upon  number  of  trainees,  their  distribu¬ 
tion  among  the  ten  functions,  the  proximity  of  work  units  within  each 
area,  and  peak  utilization  time.  The  size  of  the  data  bank  was 
determined  by  assuming  that  one  tape  deck  (video  tape  recorder)  can 
store  300  ten-minute  audio-visual  programs. 

The  above  data  quantifies  cost  in  terms  of  the  estimated  manpower 
and  materials  required  for  the  typical  BLHC  System  to  properly 
perform  the  full  array  of  on-the-job  training.  For  each  improvement 
alternative,  similar  estimates  were  generated  to  define  cost  in  terms 
of  manpower  and  equipment  required  to  provide  the  same  education  and 
training.  Where  an  alternative  did  not  have  the  full  capability,  its 
costs  were  increased  by  a  Westinghouse  estimate  of  that  portion  of  the 
need  unfilled  and  which  would  have  to  be  performed  at  the  same  cost 
as  the  present  method. 


Evaluation  Criteria 

Each  improvement  alternative  was  evaluated  for: 

1.  Flexibility—  Defined  by  the  alternative's  ability  to  provide  stimulus 
encoding  forms. 

2.  Learner-pacing —  Can  the  student  proceed  as  quickly  as  his  talents 
and  time  allow? 

3.  Group-scheduling  —  Can  the  alternative  teach  more  than  one  student 
at  a  time  ? 
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•1.  Interaction — Can  the  student  respond  to  instructional  stimuli? 

5.  Adaptability — The  extent  to  which  an  alternative  can  be  effectively 
substituted  for  an  instructor;  0  to  53  percent  is  limited  effectiveness, 

33  to  (id  percent,  moderate,  above  (id  percent,  high.  No  alternative 
completely  eliminates  instmctors. 

(>„  Acceptability — Preferences  of  the  student  population,  based  on  a 
previous  Westingiiouse  survey  of  750  hospitals  throughout  the 
United  States. 

7.  Accessibility — Is  the  programming  material  continuously  available 
at  convenient  locations? 

Cost/Benefit  Analy  sis 

The  five  most  promising  improvement  alternatives  which  resulted  from 
a  preliminary  review  of  the  state-of-the-art  data,  plus  the  "Integrated  Media" 
approach  were  evaluated  in  greater  detail  for  cost  justification  and  then  com¬ 
pared  with  additional  subjective  criteria.  The  results  of  this  evaluation  are 
shown  on  Tables  3.3-58  and  30.  The  cost  sensitivity  indices  of  each  medium  arc  also 
shown.  (The  higher  the  indicator,  the  more  favorable  the  cost  sensitivity  of 
the  media,  that  is,  the  larger  the  economies  of  scale  to  be  realized  by  increasing 
either  the  student  load,  the  course  duration,  or  both). 

From  this  analysis,  "Integrated  Media"  was  shown  to  be  the  most  likely 
improvement  alternative.  A  further  detailed  analysis  was  performed  comparing 
costs  and  benefits  of  this  alternative  to  the  present  system.  The  results  of  this 
cost  analysis  is  shown  on  Tabic  3.3-40.  Tables  3.3-41  and  42  contain  additional 
cost  data  used  in  this  analysis. 

Present  Value  Costs  over  a  20-year  Life  Cycle  were  calculated  for  each 
of  these  two  methods  for  a  500-bed  hospital.  The  evaluation  assumptions  used 
were:  10  percent  discount  rate;  4  percent  inflation  rate  for  both  personnel  and 
operating  costs;  and  5  percent  inflation  rate  for  program  revision  costs. 

Programs  were  assumed  to  have  a  usefu'  life  of  10  years;  equipment  a  useful 
life  of  20  years;  annual  maintenance  costs,  equal  to  5  percent  of  initial 
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TAULK  .  Comparar:ye  Capabilities,  Costs  and  Cost  Sensitivities  of  Selected  Media. 

G  Pandom  dial  acces,  permits  learner  paced  utilization  of  video  tape  based  CCTV  systems. 


Summary  Comparison  of  Selected  Media  in  Terms  of  Overall  Suitability  for  ELHCS  Applicati 


Per  siudent  hour  bared  on  on  average  student  load  of  6r'0  s‘  dents  for  ^5C  hours 
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Table  3.3-10.  First  Year  Cost  Comparisons:  Conventional  vs  Recommended  Instructional  Syst 
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investment  for  equipment.  These  results  are: 


2<>- Year  Present  Value  Cost’ 

Conventional 

$2, 332,204 

Integrated  Media 

$1,053,391) 

This  represents  a  savings  in  present  value  dollars  of  $378,805  if  the  "Integrated 
Media"  system  is  used  in  the  above  hospital  in  place  of  the  current  system. 

’See  page  3.3-s  and  0. 
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PHARMACY 


Introduction 

Drug  distribution  demands  in  the  Pharmacy  Departments  of  each  of  the 
three  primary  study  hospitals  varied  considerably  according  to  patient  age, 
diagnosis,  and  type  of  medical  staff.  To  determine  the  appropriate  method  of 
drug  distribution,  Westinghouse  considered  the  following  factors: 

•  How  a  drug's  physical  characteristics  affect  its  mode  of  transportation 

•  Pricing  policies 

•  How  facilities  and  personnel  affect  drug  administration 

•  Changes  in  the  roles  of  paramedical  personnel. 

Pharmacy  typically  represents  about  6  percent  of  a  BLHC  System 
operating  budget.  Of  Pharmacy's  budget,  17  percent  represents  personnel 
costs;  80  percent  drug  costs;  and  3  percent  supply  costs. 

TECHNICAL  APPROACH 

Characterization  of  Present  System 

The  actual  operation  of  BLHC  pharmacies  was  characterized  by  work 
sampling  and  observation.  The  results  of  these  studies  are  detailed  in  the  Data 
Inventory  volume.  Figures  3.3-53  and  54  show  the  typical  hourly  pharmacy 
activities  for  Beaufort  Naval  Hospital  and  Walson  Army  Hospital.  Both  show 
comparable  peaks  of  prescription  filling  workload  between  0930  to  1100  and  1400 
to  1530.  This  also  coincides  with  a  peak  in  both  the  number  of  outpatients  waiting 
(Figure  3.3-55)  and  an  Increase  in  the  length  of  prescription  processing  time 
(Figure  3.3-56). 

Beaufort  and  Walson  showed  expected  nonproductive  peaks  between  0800 
and  0930  and  at  lunch  time.  Nonproductive  time  at  Walson  also  peaked  at  the 
end  of  the  day.  This  peak  was  not  observed  at  Beaufort,  although  the  study 
period  at  Beaufort  was  shorter  than  at  Walson. 

At  both  Beaufort  and  Walson,  most  of  the  housekeeping  activities  were 
performed  in  the  late  afternoon. 
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Prescription  Processing  Time  (Mins) 


Malcolm  Grow  Hospital 
Pharmacy  Operations 


TIME  OF  DAY  BY  HOURS 
FIG.  3.3-55  -  PROCESSING  TIME 


Walson  Army  Hospital 
Pharmacy 


FIG.  3.3-56 


OUTPATIENT  WAITING 
SEPTEMBER  30,  19695 


DISTRIBUTION  - 
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The  outpatient  Riarmacy  operation  at  Malcolm  Grow  is  typical  of  the 
three  BLHC  systems  studied  and  is  illustrated  in  Figure  3.3-57. 

BLHC  pharmacists  currently  perform  most  of  the  tasks  related  to  drug 
distribution.  Exact  statistics  on  pharmacy  manpower  are  difficult  to  determine, 
however,  because  of  the  various  classifications  and  theoretical  functional 
differences  between  civilian,  commissioned,  and  enlisted  pharmacists. 

The  basic  drug  distribution  procedure  for  inpatient  areas  consists  of 
the  nurse  or  ward  secretary  interpreting  and  transcribing  the  physician's 
medication  order  and  sending  a  requisition  to  pharmacy  where  the  order  is 
filled.  The  drug  is  delivered  to  the  ward  for  storage  on  the  nursing  unit  and 
administered  until  depletion,  at  which  time  the  requisitioning  procedure  is 
repeated.  Drug  distribution  for  outpatient  demands  are  typically  responses 
to  individual  prescriptions  presented  in  person  by  the  patient  at  the  pharmacy. 

IMPROVEMENT  ALTERNATIVES 

On  the  basis  of  data  collected  during  this  study,  the  following  ten 
improvement  alternatives  for  Pharmacy  have  been  selected  for  detailed  analysis. 
Alternatives  1  through  4  are  total  distribution  methods  capable  of  handling  all 
the  needs  of  the  BLHC  System;  alternatives  5  through  10  are  auxiliary  methods 
which  can  be  used  in  conjunction  with  any  of  alternatives  1  through  4. 

Total  Distribution  Alternatives 

Alternative  #1.  Ward  Component  Drug  Distribution  uses  a  combination  of  the 

individual  prescription  order  and  the  complete  floor  stock  methods.  This 
most  nearly  represents  the  present  method  of  operation  at  the  BLHC 
System.  Individual  prescription  orders  are  the  primary  means  for 
dispensing  the  most  commonly  ordered  oral  medications.  Other  drugs, 
including  most  injectables,  narcotics,  hypnotics,  diagnostic  drugs, 
ophthalmics,  topicals,  and  PRN  drugs  are  stocked  on  the  ward.  If 
properly  balanced,  the  best  features  of  the  individual  prescription  order 
and  ward  stock  methods  may  be  realized. 
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Alternative  #2.  The  Unit  Dose  Drug  Distribution  method  combines  three 
procedures: 

(1)  Distribution  of  scheduled  medications  prepared  centrally  and 
delivered  periodically  to  the  ward  unit  by  medication  carts. 

Deliveries  are  arranged  by  patient  bed.  Each  card  contains  all 
medications  scheduled  for  administration  during  that  period. 

(2)  Automatic  daily  replacement  of  bulk  items  and  miscellaneous  drugs 
and  supplies  with  packaging  based  on  need  and  convenience. 

(3)  Locating  clinical  pharmacists  in  the  patient  care  area  to  supervise 
a  pharmacy  service  to  the  patients,  coordinate  medication  activity 
with  nursing  personnel,  and  consult  with  the  medical  and  nursing 
staff  regarding  drugs  and  drug  therapy. 

Alternative  #3.  The  Mechanical  Distribution  method  which  uses  mechanical 

dispensing  devices  to  replace  the  traditional  drug  cabinet  and  medication 
room.  A  good  example  of  this  type  of  system  is  the  "Brewer  System" 
marketed  by  the  Brewer  Corporation.  This  system  includes  mechanical 
dispensing  devices,  medication  delivery  carts,  and  prepackaging  equip¬ 
ment  and  materials.  On  receipt  of  an  order,  the  nurse  inserts  plastic 
cards  containing  her  authorization,  the  patient's  name,  and  the  drug  name. 
The  machine  releases  the  drug,  in  predetermined  quantities,  produces  a 
label  carrying  the  patient's  name,  and  creates  billing  tape  for  accounting 
and  drug  control.  The  present  equipment  is  designed  primarily  to  dis¬ 
pense  oral  solids  such  as  tablets  and  capsules.  Equipment  capable  of 
handling  other  dosage  forms  should  be  available  by  1975. 

Alternative  #4.  The  Automated  Drug  Distribution  method  extends  mechanical 
dispensing  to  interface  with  an  automated  hospital  information  network. 
Initiated  through  the  hospital  information  network,  automated  drug  dis¬ 
tribution  will  automatically  check  the  patient,  drug,  dose,  route,  schedule, 
duration,  accounting,  and  drive  control  procedures  using  service  drug 
formulary.  The  corrected  order  will  be  transmitted  to  a  smaller 
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computer  interfaced  with  mechanical  dispensing  devices  which  will  cal¬ 
culate  and  schedule  the  dosage  and  eject  the  drug  into  a  patient  tray. 

This  alternative  will  not  be  operational  until  the  1980's. 

Auxiliary  Alternatives 

Alternative  #5.  The  IV  Additives  Program  concerns  only  intravenous  fluids 
with  medications  added.  To  ensure  adequate  sterility,  formulation, 
and  stability,  most  IV  solutions  containing  additives  will  be  prepared 
centrally  in  the  pharmacy  and  delivered  to  wards  for  administration. 

Alternative  #6.  The  Clinical  Pharmacy  Concept. originally  tied  with  the  unit 

dose  drug  distribution,  can  be  extended  and  applied  to  other  distribution 
alternatives.  In  addition  to  supervising  all  pharmacy  services  to 
patients,  the  clinical  pharmacist  would  periodically  check  all  patient 
medication  profiles  for  incompatibilities,  interactions,  and  dubious 
therapy,  as  well  as  coordinate  and  participate  in  clinical  research 
studies  and  drug  control  programs. 

Alternative  #7.  The  Drug  Information  Center,  as  part  of  the  pharmacy  depart¬ 
ment,  improves  drug  therapy  both  through  direct  support  to  various 
hospital  committees  and  programs  and  through  indirect  support  via 
the  clinical  pharmacist.  Under  the  control  of  a  pharmacist  with  special 
training  in  clinic  investigation,  statistics,  pharmacology,  and  information 
science,  the  center  is  supported  by  selected  texts,  abstract  services, 
and  periodicals  plus  computer-assisted  programs  for  data  collection 
and  distribution. 

Alternative  #8.  Pharmacy  Prescribingis  an  extension  of  the  functions  previously 
delegated  to  the  clinical  pharmacist.  The  pharmacist  makes  medical 
rounds  with  the  physician  and  after  the  physician  makes  a  diagnosis, 
the  pharmacist  prescribes  the  correct  medication  as  indicated  by  the 
diagnosis. 
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Alternative  #9.  Pharmacy  Medication  Administration  gives  the  pharmacy 
department  the  responsibility  for  all  activities  involving  drugs, 
purchasing,  preparation,  delivery,  and  administration.  Specifically, 
tlie  clinical  pharmacist  will  supervise  the  administration  of  all  drugs  by 
medication  technicians,  freeing  nurses  for  activities  more  oriented 
toward  patient  care. 

Alternative  #10.  Automated  Outpatient  Dispensing  can  probably  be  developed 
within  the  controlled  environment  of  the  outpatient  clinic  of  a  health  care 
facility.  After  input  of  patient  and  prescription  information  on  a  computer 
terminal,  the  equipment  will  produce  a  label;  management  statistics; 
drug  control  data;  inventory  control  and  purchasing  data;  refill  pres¬ 
cription  information  and  dispense  the  drug  to  the  patient. 

Table  3.3-43  provides  further  general  data  on  each  alternative  Including 
availability;  the  changes  which  DoD  must  make  in  its  present  guidelines 
to  accommodate  the  alternative;  the  research  and  development  require¬ 
ments  and  certainty  levels  of  acceptance;  and  the  implementation, 
operation,  and  maintenance  problems  inherent  to  each  alternative. 

CONCLUSIONS 

1.  The  major  problem  in  the  use  of  pharmacy  manpower  is  the  peak 
loadings  observed.  Better  scheduling  procedures  which  allowed  for 
in-patient  drug  dispensing  during  the  slack  periods  would  contribute 
to  leveling  the  workload. 

2.  Both  the  unit  drug  and  the  automated  outpatient  drug  distribution  alternatives 
can  be  cost  justified  for  BLHC  System  facilities. 

RECOMMENDATIONS 

1.  The  study  team  recommends  that  the  unit  drug  alternative,  together 
with  the  IV  Additive  and  Auxiliary  Clinical  Pharmacist  Alternatives 
be  implemented  for  both  inpatient  and  outpatient  operations  for  all 
new  BLHC  facilities  with  more  than  200  beds. 
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2.  The  feasibility  of  installing  the  total  automated  drug  distribution 
alternative  be  carefully  examined  as  it  becomes  available ,  since 
the  automated  alternative  has  a  higher  average  rating  for  all  evalua¬ 
tion  criteria  and  a  slightly  higher  life  cycle  cost  savings  than  the 
recommended  alternative.  When  it  is  entirely  proven,  it  should  be 
installed  with  minimal  difficulty  since  it  is  compatible  with  unit  dose. 

3.  Staff  and  design  criteria  be  reexamined  in  light  of  the  above  recommen¬ 
dations. 

4.  The  feasibility  of  facilities  with  less  than  200  beds  implementing  a 

modified  improvement  alternative  should  be  evaluated. 

5.  Introduce  a  drug  information  center  for  750-  to  1000-  bed  facilities. 

6.  Automatic  (or  automated)  drug  dispensing  systems  for  the  outpatient 
area  should  be  installed  in  new  BLHC  Systems  with  outpatient  pres¬ 
cription  workloads  in  excess  of  300/day. 

7.  DoD  should  study  the  feasibility  of  awarding  service  commissions  to 
qualified  pharmacists  to  function  as  pharmacists  and  not  general  MSC 
officers .  The  benefits  of  officer  status  would  allow  selective  recruit¬ 
ment  of  pharmacists  with  graduate  education  or  institutional  experience; 
commissions  would  also  enhance  professional  interaction  among  medical 
and  paramedical  personnel,  increasing  the  probability  of  success  for 
new  concepts  such  as  clinical  pharmacy  and  drug  information  center. 

8.  DoD  should  study  the  implications  of  installing  the  recommended  alter¬ 
natives  in  all  existing  BLHC  facilities  over  200  beds. 

9.  DoD  should  develop  a  "prescription  factor"  similar  to  the  techniques 
used  for  clinical  laboratories  (see  page  A-57). 

EVALUATION  ASSUMPTIONS 

The  pharmacy  service  evaluation  is  based  on  two  assumptions.  First, 
an  average  7.2  doses  per  patient  per  day  is  normal  in  military  and  civilian 
hospitals  (based  on  reports  from  six  civilian  hospitals  in  studies  conducted  by 
the  Universities  of  Iowa  and  Kentucky). 
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Second,  current  personnel  and  equipment  costs  were  assumed  to  be 
acceptable  minimums  and  sufficient  to  attract  professional  personnel  needed  to 
implement  and  maintain  the  recommended  level  of  service. 

EVALUATION  GRIT  Kill  A 

All  improvement  alternatives  have  been  evaluated  in  terms  of  quantified 
economic  benefits  and  several  subjective  quality  factors,  such  as  safety,  drug 
control,  a  ailability,  efficiency,  communications,  and  changes  needed  in  DoD 
guidelines. 

The  four  basic  drug  distribution  alternatives  were  analyzed  using  the 
present  ward  stock  alternative  as  a  base;  the  remaining  three  alternatives  were 
compared  with  the  best  alternative,  based  on  cost.  Final  recommendations 
were  based  on  results  of  the  cost/benefit  analysis  plus  qualitativt  factors 
relating,  for  example,  to  the  system  complexity  and  operating  personnel 
requirements,  etc. 

The  remaining  six  alternatives  studies  are  recommended  or  rejected 
largely  on  the  basis  of  subjective  analysis. 

The  cost/benefit  comparisons  were  based  on  present  value  life  cycle 
costing.  The  cost  of  drugs  were  not  included  because  the  military's 
excellent  purchasing  procedures  would  not  be  changed  significantly. 

The  evaluation  assumed  a  life  span  of  twenty  years,  a  discount  rate  of 
10  percent,  a  labor  inflation  rate  of  4  percent  annually,  and  a  supplies  inflation 
rate  of  5  percent. 

All  analyses  carefully  considered  the  recommended  professional 
responsibilities  of  the  pharmacy  department  In  the  New  Generation  of  Military 
Hospital.  These  responsibilities  will  be  to: 

1.  Review  the  physician's  original  order 

2.  Review  and  record  the  patient's  entire  medication  therapy,  checking 
for  drug  sensitivities,  therapeutic  incompatabilities,  and  adverse 
reactions. 
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3.  Prepare  and  identify  the  ultimate  dosage  for  administration  by  the 
nurse. 

4.  Reduce  errors  by  assuring  that  all  drugs  are  administered  to  the 
patient  at  the  right  dose,  route,  and  time. 

5.  Provide  pharmaceutical  information  to  physicians,  nurses  and  other 
paramedical  personnel. 

6.  Select,  procure  and  store  pharmaceuticals. 

COST  BENEFIT  ANALYSIS 

Present  value  life  cycle  costs  were  calculated  for  the  four  primary  alter¬ 
natives  for  several  sizes  of  hospitals.  The  results  are  plotted  on  Figure  3.  3-58. 
For  all  sizes  of  hospitals  above  200  beds,  automated  drug  distribution  with  unit 
dose  has  the  best  total  present  value  costs,  over  the  unit  does  system  alone. 
Since  the  automated  drug  distribution  alternative  is  not  yet  available,  further 
analysis  was  confined  to  the  unit  dose  alternative.  The  savings  between  the 
present  methods  and  unit  dose  at  the  three  BLHC  Systems  calculated  over  a 
20  year  period  is  summarized  in  Table  3.  3-44. 


TABLE  3. 3-44  -  PRESENT  VALUE  COST  SAVINGS  FOR 
UNIT  DOSE  AT  THE  THREE  PRIMARY  BLHCS 

Hospital _ Beaufort _ Andrews _ Walson _ 


Ward  Component 

$1,276,800 

$4,247,214 

$5,407,137 

(Present  Method) 

Unit  Dose 

1,156,609 

2,408,667 

3,219,952 

Savings 

$  119,191 

$  838,577 

$2,187,185 

Present  value  life  cycle  costs  for  the  various  auxiliary  alternatives  were 
calculated  by  applying  these  alternatives  to  the  unit  dose  system.  The  results 
are  shown  in  Table  3.3-45. 


Adding  the  IV  additives  plus  clinical  pharmacy  improvement  alternatives 
to  unit  dose  drug  distribution  will  increase  20-year  cost  by  $175,075  at 
Beaufort,  $310,613  at  Andrews  and  $639,801  at  Walson.  Subjective  benefits, 
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Fig.  3.3-58  Pharmacy  Alternatives 
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particularly  the  substantial  reduction  of  medication  errors,  will  make  imple¬ 
mentation  additionally  beneficial. 

Personnel  costs  for  the  Automated  Outpatient  Department  Dispensing 
System  at  the  three  BLHC  Systems  studied  is  presented  in  Table  3.3-46.  The 
additional  annual  equipment  required  for  the  three  primary  Systems  is  shown 
in  Table  3.3-47. 

TABLE  3.3-46  PERSONNEL  COSTS  FOR  THE  AUTOMATED 
OPD  DISPENSING  SYSTEMS 


Hospital 

Beaufort 

Andrews 

Walson 

No. 

Cost 

No. 

Cost 

No. 

Cost 

Pharmacists 

@  $12,000/yr.  1 

$12,000 

3 

$36,000 

2 

$24,000 

Technicians 

@  $5,000/yr.  2 

10,000 

9 

45,000 

6 

30,000 

TOTAL 

$22,000 

$81 ,000 

$54,000 

TABLE  3.3-47  ADDITIONAL  ANNUAL  EQUIPMENT  COST 


Hospital 
Volume  of 


Outpatient  ore- 
scriptlons  per  day 

Beaufort 

228 

Andrews 

1062 

Walson 

674 

No. 

Cost 

No.  Cost 

No.  Cost 

Terminals  1 

$1,800 

3  $5,400 

2  $3,600 

CPU 

4,000 

8.000 

6.000 

TOTAL 

$5,800 

$13,400 

$9,600 
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Present  value  life  cycle  cost  savings  (See  Table  3.3-45)  were  calculated 
using  a  discount  rate  of  10  percent,  a  labor  cost  inflation  rate  of  4  percent 
supply  inflation  rate  of  5  percent,  and  a  zero  equipment  rental  cost  inflation  rate. 
Personnel  costs  will  be  reduced  at  Andrews  and  Walson  resulting  in  a  20-year 
savings  of  $108,980  and  $72,723,  respectively.  At  Beaufort,  personnel  costs  will 
not  be  affected  and  the  alternative  cannot  be  recommended  on  a  cost  basis  alone. 
We  have  estimated  that  a  daily  prescription  volume  of  approximately  300  is 
required  before  this  alternative  can  be  cost-justified. 

In  evaluating  the  cost  benefits  of  the  four  basic  inpatient  drug  systems, 
changes  in  the  discount  rate  and  inflation  rates  used  had  no  effect  on  the  rankings. 
To  determine  the  effect  of  changes  in  estimates  of  initial  investment,  labor, 
and  supplies,  Table  3. 3-48  was  developed  from  the  present  value  cost  benefit 
computer  runoff: 

TABLE  3.3-48 

EFFECT  OF  CHANGE  IN  INITIAL  INVESTMENT 


%  Individual  Component  would  have  to 
be  increased,  all  other  items  remaining 
as  is,  to  make  P.  V.  Cost  equal  Ward 


A1  t,er  nati  ve  s  Component 


Initial  Investment 

Labor 

Supplies 

Unit  Dose  DDS 

2199% 

38% 

437% 

Medical  DDS 

25?% 

15% 

322% 

Automated  DDS 

294% 

54% 

242% 

All  systems  are  insensitive  to  errors  in  evaluating  initial  investment 
and  supplies.  Both  the  unit  dose  and  the  automated  system  are  relatively  in¬ 
sensitive  to  variations  in  labor  cost  estimates. 

From  a  cost  standpoint,  the  Automatic  Outpatient  Distribution  System  is 
insensitive  to  changes  in  Discount  Rate  but  is  very  sensitive  to  changes  in  labor 
and  rental  cost  inflation  rates.  Either  decreasing  the  labor  inflation  rate  to  0 
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percent  or  increasing  the  rental  cost  inflation  rate  to  4  percent  makes  this 
alternative  economically  infeasible.  It  then  has  to  be  evaluated  on  a  subjective 
benefit  analysis. 

i'he  automated  alternative  has  a  higher  average  rating  for  ail  evaluation 
criteria  and  a  slightly  higher  life  savings  than  the  recommended  unit  dose.  When 
it  is  entirely  proven,  it  should  be  installed  with  minimal  difficulty  since  it  is 
e  ompatible  with  unit  dose. 
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RADIOLOGY 


While  the  number  of  radiology  films  exposed  has  been  increasing  an 
average  12.8  percent  over  the  past  three  years  at  the  three  hospitals  studied 
(Beaufort  15.8  percent,  Malcolm  Grow  8.8  percent,  and  Walson  13.9  percent), 
the  number  of  radiologists  has  increased  only  3  percent  per  year.  This 
widening  gap  between  demand  and  qualified  personnel  has  created  a  need  to 
Increase  the  productivity  of  the  I&diologlst  and  his  staff,  while  maintaining 
quality  and  reducing  cost  per  procedure  and  patient  wait-time. 

While  Radiology  represents  only  a  relatively  small  percentage  of  the 
total  operating  costs  of  a  BLHC  System,  the  critical  nature  of  its  service,  that 
is,  the  production  of  data  essential  to  diagnosis  and  decision-making  procedures 
which  affect  the  total  therapeutic  process,  makes  it  essential  to  improve  the 
function  wherever  possible. 

The  basic  procedures  of  the  Radiology  functions  observed  In  the  BLHC 
Systems  are; 

1.  Patient  registration 

2.  File  search  for  previous  patient  records 

3.  X-ray  examination 

4.  Film  processing  and  development 

5.  Matching  films  to  the  patient's  previous  record 

6.  Transfer  of  films  and  records  to  the  radiologist 

7.  Interpretation  by  the  radiologist 

8.  Separate  filing  of  the  film  package,  the  report,  and 
record  forms. 

Westlnghouse  used  work  sampling  techniques  to  evaluate  personnel, 
facility  utilization,  and  patient  walt-timc  at  the  three  BLHC  Systems.  The 
study  findings  are  detailed  in  the  data  inventory  volume;  only  the  most  signi¬ 
ficant  problems  of  the  present  system  arc  given  below: 
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1.  The  poor  scheduling'  intciTace  between  radiology  and  other  BLHCS 
functions  leads  to  the  workload  peaks  shown  in  Figure  3.3-59. 
These  activities  also  eolneide  with  peaks  in  taking  and  developing 
films  (Figure  3.3-GO)  and  procedure  room  use  (Figure  3.3-61).  If 
this  load  could  be  leveled  via  better  scheduling  procedures,  current 
resources  and  manpower  could  easily  handle  an  increased  work¬ 
load. 

2.  Poor  traffic  patterns  for  both  staff  and  patient  flow  contribute  to 
inefficient  patient  handling  throughout  the  X-ray  cycle  and  to  an 
inefficient  film  processing  review  cycle.  These  poor  traffic 
patterns  have  two  observable  effects: 

a.  Patient  flow  is  unnecessarily  slow. 

b.  Staff  time  is  used  inefficiently  in  terms 
of  number  of  procedures  performed. 

3.  The  present  method  of  taking  X-rays  (which  Is  unlikely  to  change 
significantly  in  the  near  future)  results  In  extremely  low  machine 
utilization  (see  Table  3.3-49). 

Consequently,  to  improve  the  productivity  of  the  Radiology  Department, 
while  reducing  costs,  alternatives  were  examined  primarily  with  respect  to 
improving  patient  and  staff  flow  patterns. 

A  breakdown  of  Radiology  costs  at  the  three  BT,HC  Systems  studied  is 
shown  in  Table  3.3-50. 
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Number  of  Patients  Waiting 


Beaufort  Naval  Hospital 
Radiology  Operations 


Time  of  Day 

Fig.  3. 3-59  -Profile  of  patients  waiting 
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TABLE  3.3-49 


RADIOLOGY  -  SUMMARY  OF  OBSERVED  PROCEDURE  TIMES  AT 
WALSOM  ARMY  HOSPITAL 


Average  Time 

Patient  in 

Time  for 

Waiting  Time 

Procedure 

X-ray  Room 

Dressing 

for  X-ray 

MinsSec 

MirnSec 

MinrSec 

IV  P 

28:23 

7:20 

Renograph 

29:50 

Knee 

3:30 

0:40 

21:00 

Ankle 

5:04 

29:05 

Both  Feet 

3:03 

42 :30 

Hand 

3:56 

25:49 

Fingers 

3:10 

17:05 

Nose 

3:15 

3:20 

Sinus 

4:45 

3:25 

Skull 

6:35 

14:50 

Lumbar  Spine 

4:35 

2:15 

Cervical  Spine 

2:50 

5:25 

Left  Forearm 

4:45 

14:25 

Chest 

1:05 

3:24 

Hips 

3:25 

1:00 

12 :05 

Hip  -  Knee 

6:00 

Pelvis 

6:15 

6:25 

6:10 

Shoulder 

5:20 

0:55 

Flat  and  Upright  Abdomen 

4:20 

14:00 

Flat  and  Lateral  Abdomen 

8:45 

8:30 

TABLE  3.3-50* 

RADIOLOGY  COST  BREAKDOWN 

Beaufort  Malcolm  Grow  Walson 


Personnel  Cost/year 

$43,326 

$293,347 

$257,662 

Supplies,  Maint. ,  Housekeeping 
Training/year 

31,338 

151,054 

143, 887 

Total  Operating  Cost/year 

74,664 

444,401 

401,549 

Cost  per  film  exposed 

1.98 

2.45 

1.34 

Total  Cost  per  procedure  at 

3.7  films/procedure 

7.33„ 

9.05 

4.96 

Personnel  Cost/procedure 

4.45 

5.69 

3.40 

Number  procedures/year 

9,800 

51,450 

75,950 

♦Volume  V  -  Data  Inventory 
improvement  Alternatives 


Seven  Improvement  alternatives  were  evaluated: 

1.  Present  Methods 

2.  Double  Corridor  Suite  Layout.  The  Study  Team  feels  this  is 
particularly  applicable  to  hospitals  with  less  than  600  beds.  It 

has  two  distinct  traffic  patterns:  patients  moving  from  the  registra¬ 
tion  desk  to  the  waiting  room  and  to  the  examining  room;  and 
technicians  and  radiologists  moving  between  film  processing  units 
and  physician's  reading  rooms.  Equipment  layout  and  people  flow 
patterns  are  shown  in  Figure  3.3-62. 

3.  Cluster  Suite  Layout  (Figure  3. 3-63)  which  the  Study  Team  believes  is 
best  used  in  hospitals  performing  a  high  volume  of  special  proce¬ 
dures.  Each  cluster  features  a  central  radiology  reading  station 
surrounded  by  rooms  that  can  be  used  for  specific  examinations, 

such  as  fluoroscopy,  intravenous  pyelograms,  or  for  emergencies 
or  general  purposes.  The  cluster  suite  layout  divides  the  radio¬ 
logy  department  into  semi-autonomous  units  which  increase  the 
efficiency  of  personnel  and  equipment.  The  cluster  suite  concept 
has  not  yet  been  implemented  in  any  radiology  department.  Conse¬ 
quently,  no  hard  facts  were  available,  and  only  the  theory  could 
be  investigated. 
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Fig.  3. 3-63  “Room  cluster  layout 
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4.  Satellite  stations,  limited  facilities  located  at  a  distance  from 

tb  i  central  radiology  department,  may  be  useful  where  population 
mobility  is  restricted.  Satellites  should  be  equipped  with  at  least 
a  single  fixed  table  with  300  MA  generator  and  overhead  tube,  an 
automatic  processor,  and  one  or  two  technicians.  The  facility 
should  perform  all  bone  (including  skull)  and  chest  examinations, 
as  well  as  intravenous  pyelography.  It  should  have  direct,  con¬ 
tinuous  telephone  communication  with  the  central  hospital,  and 
films  should  be  sent  to  the  radiologist  for  interpretation  daily  or 
immediately  in  emergency  cases.  In  non-emergencies,  preliminary 
readings  can  be  made  by  a  general  physician  aided  by  an  experienced 
technician  at  the  satellite. 

5.  More  automated  radiology  equipment.  Many  innovations  in  this 
area  have  been  developed  and  arc  being  marketed  such  as  improved 
phototimers.  Also  available  arc  1)  specialized  equipment  adapted 
to  a  single  radiology  procedure;  2)  equipment  with  simplified  con¬ 
trols  to  enable  lower-skilled  personnel  to  handle  many  procedures 
now  performed  by  highly  skilled  technicians;  3)  equipment  designed 
to  move  t\nd  position  the  patient;  4)  generators  with  higher  milli- 
amperage  and  spot  films  that  record  Improved  fluoroscopic  images 
faster  than  conventional  methods. 

6.  Use  of  more  highly  trained  technicians  would  lessen  the  radiolo¬ 
gist's  workload;  they  arc  registered  technicians  specially  trained 
to  perform  essential  but  routine  procedures. 

7.  A  centralized  generator,  used  with  an  inexpensive  high-voltage 
switch,  to  sen  e  more  than  one  X-ray  unit,  significantly  reducing 
investment  cost  without  decreasing  quality  or  reliability.  The 
concept  is  feasible  because  actual  exposure  time  is  a  very  small 
portion  of  the  total  time  the  X-ray  equipment  is  being  utilized. 
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In  the  conventional  and  double  corridor  alternatives  (1  and  3,  above) 
one  generator  can  servr  two  rooms;  in  the  cluster  layout  (alterna¬ 
tive  4)  four  rooms  can  be  served  by  one  generator. 


Conclusions 

1.  The  major  problem  affecting  workload  peaks  in  Radiology  Is 
directly  related  to  the  manner  in  which  patients  are  scheduled 
into  X-ray  from  other  parts  of  B  LHC  System  ,  which  can  be 
improved  through  the  use  of  an  Individual  scheduling  plan  for  radiology. 
All  Improvement  alternatives  considered  In  this  report  are  directed 

to  solving  other  problems. 

2.  The  amount  of  time  that  the  X*  ray  machine  is  actually  In  use  is 
insignificant  with  respect  to  the  total  X-ray  cycle.  Consequently, 
only  a  very  limited  number  of  technological  alternatives  would 
have  any  major  impact  on  cost  and  time  savings. 

3.  Major  improvement  alternatives  which  would  seem  to  have  signi¬ 
ficant  potential  for  the  BLHC  System  arc: 

a.  Improved  layouts  to  smooth  the  flow  of  patients  from  their 
entry  to  the  Radiology  department  until  they  arc  properly 
positioned  for  X-ray  procedures.  Because  of  the  importance 
of  the  Radio]  ^y  Department  in  diagnostic  processes  and  be¬ 
cause  of  t‘  c  increasing  number  of  procedures  dictated  by 
changes  ir.  medical  practice,  any  improvement  alternative 
relating  to  facility  layout  or  traffic  patterns  must  necessarily 
be  insensitive  to  changes  in  patient-mix  and  total  load. 

b.  Improved  processing  and  quality  control  procedures  to  mini¬ 
mize  time  and  manpower  required  to  process  Dim  and  evaluate 
quality  pri  >r  to  patient  release  and  subsequent  freeing  of 
machine  for  the  next  patient. 
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c.  Methods  for  relieving  radiologist  from  routine  and  administrative 
chores  so  that  his  time  can  be  used  more  productively  in 
evaluating  X-ray  film  and  assisting  in  the  diagnostic  process. 

Recommendations 

1.  The  Radiology  Department  layout  should  be  redesigned  in  the  future 
to  accommodate  the  double  corridor  concept  for  improved  staff 
and  patient  traffic  patterns. 

2.  Generators  clipped  to  serve  several  X-ray  machines  should  be 
used  rather  than  the  existing  setup  of  one  generator  to  one  X-ray 
machine. 

3.  Further  R&D  evaluation  should  be  made  of  the  "Cluster  Room" 
concept  to  determine  its  applicability  to  military  hospitals. 

4.  Highly  trained  technicians  should  be  increasingly  employed  as 
they  arc  trained  and  become  available. 

5.  For  more  effective  use  of  both  staff  and  facilities  considerable 
study  should  be  devoted  to  developing  a  rationale  for  more  selective 
scheduling  of  both  in-  and  outpatients  to  the  Radiology  Department. 

Evaluation  Assumptions 

1.  Department  operates  260  days  per  year  fall  time;  remainder, 
part  time. 

2.  There  arc  3. 7  films  per  procedure. 

3.  Annual  salaries  plus  fringe  benefits  arc: 

a.  Radiologist  -  $14, 400 

b.  Technician-  9,113 

c.  Aide  -  5,516 

d.  Typist  -  4,289 

4.  Except  for  central  generators,  equipment  and  supplies  cost  arc 
similar  for  all  comparable  alternatives  and,  therefore,  arc  not 
considered  in  any  cost  evaluations. 
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Evaluation  Criteria 


In  addition  to  cost,  the  following  jua  Illative  criteria  weiv  used: 

1.  Flexibility  -  how  well  does  the  alternative  adapt  to  changing 
jKitient  mix  ami  test  demands. 

2.  Expandability  -  can  the  function's  physical  layout  be  easily 
expanded  to  meet  increased  demands. 

2.  Efficiency  -  how  can  the  ratio  of  test/personnel/facilitlcs  be 
optimized. 

4.  Staff  skill  required  -  can  the  equipment  be  reliably  operated  by 
low-skill  personnel. 

5.  Reliability  -  is  the  equipment  mechanically  and  electronically  reliable. 

G.  Staff  utilization  -  arc  the  technicians  and  Radiologists  making  the  best 

use  of  their  time. 

7.  Patient  and  Staff  Flow  -  do  people  move  throughout  unit  with  a 
minimum  of  interference. 

8.  Quality  -  are  examination  results  reproducible  and  adequate. 
Cost/Benefit  Analysis 

The  radiology  function's  layout  affects  personnel  costs  only;  other  costs 
per  procedure  arc  constant  (with  the  exception  of  the  centralized  greater  alterna¬ 
tive)  and,  therefore,  arc  not  considered  in  the  analysis. 

Based  on  personnel  needed  for  specific  numbers  of  procedures  per  day 
and  on  data  gathered  on  two-corridor  staffing  at  Mt.  Sinai  hospital  in  Baltimore 
(Table  3.3-51),  annual  personnel  costs  for  the  present  and  double  corridor  alterna¬ 
tives  were  plotted  against  daily  procedures  (Figure  3.3-64).  Comparable  costs  for 
the  cluster  alternative  arc  not  available. 
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Personnel  Cost  vs  Examination  per  Day 


TA11LK  3.3-51 


TWO  CORRIDOR  STAFFING 


PROC  eduhe/day 


100 

200 

300 

500 

Radiologists 

1-2 

2-1 

5-7 

0-10 

Technicians 

8-12 

12-20 

10-24 

20-30 

Aides 

2-4 

1-8 

0-8 

8-12 

Typists 

•> 

2-3 

3-4 

4-5 

The  ranges  shown  above  reflect  the  difference  in  tyj)e  of  exams.  For 
Instance,  a  department  doing  100/day  may  or  may  not  perform  vascular  radio- 
logic  exams,  which  require  extra  personnel,  including  Radiologists  and  techni¬ 
cians. 

The  changing  ratio  of  technicians,  typists,  and  aides  to  procedures 
reflects  their  more  efficient  use  of  time  with  increased  procedures. 

If  the  double  corridor  layout  is  installed  in  a  facility  performing 
approximately  300  procedures  per  day,  the  Study  Team  estimates  that  annual 
personnel  costs  will  be  $78,OOObelow  present  practices  and  that  the  savings 
will  increase  as  the  number  of  procedures  increase.  Comparable  cost  savings 
will  be  realized  despite  variations  in  number  of  procedures  because  the  two 
corridor  cost  curve  is  always  better  than  the  present  Single  corridor  layout. 

Table  3.3-52  shows  the  initial  cost  savings  that  can  be  realised  if  centralized 
generators  arc  installed;  no  operating  savings  will  be  realized  with  this  alterna¬ 
tive. 

The  facility  referred  to  above  would  require  four  to  six  X-ray  machines, 
depending  on  the  mix  of  procedures.  Using  one  generator  instead  of  four  would 
produce  a  saving  |M>tcntia)  of  $59,000  in  the  first  cost. 
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TABLE  3.3-52 


COST  SAVINGS  -  CENTRALIZED  GENERATORS 


No.  Rooms 

No.  Generators 

Cost  of  750  ma  30 
Generators 

Switch 

Cost 

Savings 

4 

4 

$80, 000 

0 

4 

2 

$40,000 

$1,500 

$38, 500 

4 

1 

$20, 000 

750 

$59,250 

Table  3.3-53  displays  a  quantitative  rating  of  each  alternative's  abilities 
to  meet  the  evaluation  criteria. 
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TABLE  3.3-53 


Present  100  $140,000  24,500  5. 74  8*  5  5  5  -  6  5 

200  $232,000  49,000  4.75 

300  $310,000  73,500  4.23 


Two  Corridor  100  $102,000  24,500  4.16  8  985-7  8 

200  $175,000  49,000  3.58 
300  $232,000  73,500  3.17 

Cluster  Not  Available  8  8  9  4  -  8  7 

Satellite  Not  Available  6  9  4  6  -  4  5 

Improved  Equipment  Not  Available  -  -  -  8  10  8 

Master  Technician  Not  Available  -  -  -  -  -  9 

Central  Generator  Not  Available  8  -  -  -  9  - 

♦Ratings  are  based  on  a  1  to  10  scale  with  1  being  lowest  and  10 
being  highest. 


3.  3-206 


3.4  Systems  Application 


INTRODUCTION 

The  improvement  analysis  section  of  the  overall  systems  analysis  has 
resulted  in  the  development  of  several  major  improvements  to  the  existing 
methodologies  and  techniques  employed  for  predicting  health  care  demands,  gen¬ 
erating  the  overall  facility  design,  and  determining  the  nature  of  staffing  and 
equipping  the  facility  for  most  effective  and  efficient  care  delivery.  These  meth¬ 
odologies  and  techniques  are  discussed  in  the  Planning,  Systems  Design  Concepts, 
and  Operations  Analysis  sections,  with  overall  conclusions  for  each  stated  in  a 
generalized  manner.  Conclusions  are  qualified  wherever  they  are  modified  by 
scale  considerations,  economic  changes  in  the  BLHC  System  or  technological 
developments.  Each  section  of  the  improvement  analyses  was  based  on  a  major 
need  for  improvement  and  resulted  in  the  development  of  "Planning  tools"  which 
can  be  adopted  by  the  military  to  produce  better  BLHC  Systems  without  requiring 
major  manpower  additions  or  a  fundamental  reorganization  of  duties. 

Westinghouse  has  adopted  a  strategy  —  the  use  of  a  hypothetical  Base 
"X"  with  initial  and  time  varied  population  mix  and  military  mission  —  to 
demonstrate  the  application  of  these  "tools"  in  one  comprehensive  example. 

This  example  shov'3  the  transition  from  the  general  to  the  particular  as  well  as 
the  interrelationship  of  each  tool  and  Its  Implications.  The  same  methodology  Is 
applicable  to  any  sized  facility  within  the  scope  of  the  study.  ft  begins  with  the 
needs  of  a  beneficiary  population  over  time  and  the  Implications  of  that  population 
for  defining  and  allocating  required  resources,  considering  the  nature  of  the 
BLHCS  level  growth  and  changes. 

Westinghouse  has  not  developed  three  static  solutions  for  system  design 
as  might  be  expected  from  a  reading  of  the  output  requirements  of  the  R.  F.Q. : 

(hospitals  characterized  by:  250  inpatient  beds  associated  with  300,000  out¬ 
patient  visits/year;  500  inpatient  beds  associated  with  450, 000  outpatient 
visits/year;  750  inpatient  beds  associated  with  650,000  outpatient  visits/year). 

Rather, dynanr’c  methodologies  techniques  has  been  developed  which  matches  resources  to 
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health  care  needs  against  changes  over  time,  with  very  minor  limitations  in 
matching  the  facility  and  subsystems  to  these  needs.  No  fixed  relationship 
between  inpatient  and  outpatient  activity  is  locked  into  this  methodology.  The 
methodology  is  far  more  representative  of  the  "real  life"  situation  facing  the 
military  and  thus  far  more  valuable.  Recognizing  that  some  of  the  study  out¬ 
puts  may  not  be  judged  suitable  or  immediately  applicable,  improvement 
alternatives  are  presented  both  in  an  interrelated  form  and  separately. 

In  constructing  Base  "X",  Wcstinghouse  followed  the  same  sequence 
of  review  and  analysis  required  of  the  military  planners  and  designers.  The 
sequence  is  diagrammed  in  Figure  3.4-1. 

It  is  applied  to  Base  "X"  as  follows: 

(1)  The  output  of  the  Demand  Model  is  used  as  the  resource  statement 
for  design;  however,  a  resource  statement  derived  in  the  current 
manner  could  also  serve  as  a  design  input  and  the  text  discusses  the 
implications  of  changes  which  would  then  result. 

(2)  Changes  to  the  resource  statement  used  in  design,  caused  by 
changes  to  current  policy  within  the  facility,  are  analyzed. 

(3)  The  initial  test  design  is  generated  by  using  current  space  and 
staffing  criteria  for  each  functional  element  of  the  system. 

(4)  The  operational  subsystems  are  then  applied  to  this  test  system; 
these  subsystems  can  be  applied  to  almost  any  generalized  design  with 
the  same  capabilities. 

(5)  The  impact  of  changes  to  the  current  planning  criteria  are  immediately 
applicable  and  can  thus  be  portrayed  in  an  "improved"  design. 

(6)  The  quantitative  study  conclusions  are  then  summarized  in  a 
series  of  dynamic  planning  analyses  which  include  such  "real  life" 
effects  as  budget  limitations  and  delays. 

DEFINITION  OF  BASE  "X" 

Base  "X"  was  defined  as  having  an  initial  beneficiary  population  of 
75,000  comprising: 
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\HV  INDEXES  -  HKCOMMF  NDH)  (U  IDH  INF  \NI>  CIIITt  1(1  \  \U>DD  ICATldNS 


Personnel 

Number 

Active  Duti 

24,(00 

Dependents  (AD) 

34,. ‘00 

Retired 

5, 000 

Dependents  (RET) 

10,000 

Recruits 

- 

The  population  of  75,000  was  chosen  to  fall  in  mid-range  of  the  RLIiC 

Systems  as  defined  by  the  ill.  F.  Q.  Tills  population  is  denned  as  normal  for 
tlata  observed  In  CONUS,  In  terms  of  distribution  and  age/sex  eliaracteristles 
of  the  DL1ICS  beneficiary  categories.  Iletirces  and  tlielr  de|>emlents  arc 
assumed  to  be  growing  in  numbers  and  age/sex  distribution,  as  defined  by  a 
DoD  study.  This  growth  can  be  stated  as  an  average  of  4. 5  percent  per  year 
and  Is  assumed  to  be  constant  and  not  related  to  changes  in  military  mission. 

To  illustrate  dynamically  what  couid  reasonably  occur  In  the  military 
portion  of  the  dependent  population,  the  following  subsets  to  the  overall  example 
were  selected: 

Example  1  -  Fifteen  years  after  the  base  is  operational,  a  mission 
change  occurs  which  involves  the  addition  of  10,000  recruits;  6,120 
active  duty  military’  personnel,  and  8,880  dependents  related  to  these 
military’  personnel.  No  further  major  change  occurs  over  the  following 

ten  years. 

Example  2  -  Ten  years  after  the  base  Is  operational,  a  mission  change 
occurs  which  Increases  the  active-duty  military  personnel  by  10,300 
and  their  dependents  by  20, 700.  No  further  major  change  occurs  over 
the  following  fifteen  years. 

These  populations  arc  Illustrated  In  Figure  3.4-2.  They  were  selected  to 
Utustratc  typical  base  populations  with  characteristic  variations  in  their  health 
care  needs.  Wcstlnghousc  did  not  include  civilians  who  are  entitled  to  health 
care,  or  inter-base  transfers  for  BLIIC  Systems  which  act  as  regional  referral 
centers.  Such  refinement  can  be  easily  added  by  including  demands  of  these 
othc'  groups. 
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PLANNING 


The  beneficiary  population  statistics  for  both  examples  of  Base  "X" 
were  a4,'1  related  at  five  year  Intervals  over  an  assumed  twenty-five  year  life 
and  were  used  as  Inputs  to  the  IX-mand  Model.  These  data,  together  with 
the  potential  demand  and  utilization  statistics  for  each  population  category  arc 
shown  in  the  Tallies  3.4-1  through  3.4-9. 

(Vote-  Minor  variations  exist  between  the  admissions  rates  shown  in  these 

tables  and  the  final  Demand  Model  data  in  the  improvement  analysis  chapter 
which  contains  the  latest  data.  These  variations  resulted  from  data  refinement 
after  Base  "X"  planning  data  was  frozen  to  meet  the  contract  deadline.  They 
do  not  alter  the  demonstration  value). 

These  Demand  Model  outputs  reflect  the  resource  requirements  which 
the  designers  must  provide  for  facility  and  operational  capability.  Initially 
and  over  time,  if  all  the  potential  medical  and  ancillary  demand  is  to  be  met  at 
Base  "X".  The  resource  requirements  for  system  elements,  other  than 
medical  and  ancillary  services,  have  not  yet  been  generated  as  direct  outputs 
of  the  Demand  Model.  The  NVcstinghousc  team  was  able  to  perform  this  task 
by  using  the  current  planning  criteria  and  correlated  their  results  with 
space  programs  for  facilities  with  similar  demands. 

SYSTEMS  DESIGN 

The  NVcstinghousc  Team  then  performed  the  following  process: 

(1)  The  Demand  Model  outputs,  the  operational  interrelationship 
embodied  in  the  Design  Model,  current  Do 7)  criteria,  and  the  most 
likely  operations  subsystems  alternatives  were  all  synthesized  into 
the  first  approximation  of  a  test  design  for  Base  "X"  in  concept 
form 

(2)  Detailed  construction  and  operational  sub-systems  analyses  and  cost 
studies  were  undertaken. 
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(3}  Sensitivity  to  the  changes  and  growth  indicated  by  the  Demand  Model 
was  analyzed.  T0  «  initial  capability;  T10  or  T15  =  the  major 
mission  changes  for  .ach  example;  T  =  ultimate  capability.  To¬ 
gether  they  show  the  ability  of  the  design  to  accommodate  even 
greater  future  change. 

(4)  An  expert  cost  consulting  company  was  retained  to  review  the  economics 
of  the  proposed  system. 

(5)  An  outside  consulting  company  was  brought  in  to  review  the  economics 
of  the  proposed  system. 

(6)  Cost  data  was  generated  for  the  Dynamic  Optimization  Program  and 

life  cycle  cost  construction  strategies  were  generated. 

Th-»  resalts  of  this  work  follow. 


TABLE  3.4-1 
BASE  "X"  POPULATION 


Population  For  Example  #1 

Active 


Time 

Recruit 

Duty 

Dependents 

Retired 

Dependents 

Years 

Strength 

Strength 

of  Active  Duty 

Population 

of  Retired 

0 

0 

24,000 

34,800 

5900 

10,300 

5 

0 

24,000 

34,800 

6564 

11,459 

10 

0 

24,000 

34,800 

7892 

13,777 

15 

10,000 

30,120 

43,680 

9220 

16,095 

20 

10,000 

30,120 

43,680 

10,548 

18,413 

25 

10,000 

30,120 

43, 680 

11,876 

20,731 

Population  For  Example  #2 

Active 


Time 

Recruit 

Duty 

Dependents 

Retired 

Dependents 

Years 

Strength 

Strength 

of  Active  Duty 

Population 

of  Retired 

0 

0 

24,000 

34,800 

5900 

10,300 

5 

0 

24,000 

34,800 

6564 

11,459 

10 

0 

34,300 

55,500 

7892 

13,777 

15 

0 

34,300 

55,500 

9220 

16,095 

20 

0 

34,300 

55,500 

10,548 

18,413 

25 

0 

34.300 

55. 500 

11,876 

20.731 
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TABLE  3.4-2 


Recruits 

200 


Recruits 

4140 


DEMANDS  FOR  SERVICES 

INPATIENT  ADMISSIONS 
(Per  Thousand  Population) 


Active  Duty  Dep.  Act.  Duty  Retired 

140  144  144 

OUTPATIENT  VISITS 
(Per  Thousand  Population) 

Active  Duty  Dep.  Act.  Duty  Retired 

42G0  4260  4180 

BIRTHS 

(Per  Thousand  Population) 


Dependents  of 
Active  Duty 


Dependents  of 
Retired 


47.2 


9.0 


SURGICAL  OPERATIONS 
(Per  Thousand) 


Inpatients 

658 


Outpatients 

130 


Dep.  Ret. 
144 


Dep.  Ret. 
4370 


I 
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TABLE  3.4-3 


BREAKDOWN  OF  INPATIENT  AND  Ol‘T PATIENT  I > F  MANUS 


AVERAGE  LENGTH  OF  STAY  IN  LEVEL  Of  CAIIE  (DAYS) 


Time  0  \ears 

Recruit 

Act.  Duty 

Dep.  A.I). 

Ret  red 

IK'p.  Ret. 

Intensive 

0. 366 

0. 295 

0.  002 

0.354 

<>.213 

Heavy 

1.470 

0.984 

0.742 

j.slO 

1.3M) 

Moderate 

13.000 

9. 540 

5.  UK) 

7.620 

0.400 

Light 

21 . 200 

111.700 

0.195 

:t.  ;*oo 

O.O'l 

Time*  5  Years 


Intensive 

C.394 

0.310 

0.005 

0.372 

0.255 

Heavy 

1  544 

0. 1)2  s 

0.77!) 

fi.  132 

l.lio 

Moderate 

13.000 

s.  540 

5. 11)0 

7. 020 

0.400 

Light 

20.  <*8 

10.503 

0.  Is 3 

3 .  Mi  1 

0.0,0 

Time  10  Years 


Intensive 

0.404 

0.009 

0.300 

0.26s 

Heavy 

1.021 

0. 075 

0.919 

6.43!) 

1.521 

Moderate 

13.000 

9.540 

5.100 

7.620 

6.400 

Light 

20.779 

10.309 

0.191 

3.922 

0.07!) 

Time-15  Years 

Intensive 

0.424 

0.341 

0.072 

■K  .1 

0.2*1 

Heavy 

1.702 

1.023 

1.509 

Moderate 

13.600 

9.540 

6.400 

Light 

20.570 

10.115 

0.190 

0  07!) 

Time=20  Years 


Intensive 

0.445 

0.35‘J 

0.075 

0.430 

0.295 

Heavy 

1.797 

1.075 

0.902 

7.099 

1 . 677 

Moderate 

13.600 

9.540 

5. 190 

7.620 

6.400 

Light 

20.365 

18.924 

0.179 

3.746 

0.079 

Time*25  Years 

Intensive 

0.377 

0.452 

0.310 

Heavy 

1.976 

1.129 

0.947 

7.453 

1.761 

Moderate 

13.600 

8.540 

5.190 

7.620 

6.400 

Light 

20.161 

18.735 

0.176 

3.709 

0.077 

PERCENTAGE  DISTRIBUTION  OF  VISITS  TO  SPECIALTY  CLINICS 


Clinic 

Recruit 

Act.  Duty 

Dep.  A.D. 

Retired 

Dep.  Ret. 

Orthopedic 

0.06 

0.06 

0.03 

0.02 

0.05 

OB/GYN 

0.00 

0.009 

0.14 

0.00 

0.06 

Pediatrics 

0.00 

0.00 

0.29 

0.00 

0.08 

EENT 

0.04 

0.04 

0.01 

0.03 

0.01 

Neuro/Psych 

0.10 

0.10 

0.02 

0  05 

0.02 

Surgical 

0.16 

0.16 

0.07 

0.11 

0.07 

Medical 

0.44 

0.432 

0.20 

0.40 

0.37 

Emergency 

Room 

0.20 

0.20 

<U3 

0^3!) 

0,34 

Total 

1.00 

1.00 

1.00 

1.00 

T.oo 
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INI'AIII  NT  I  .Ait  I'lMCI  IH'ISKS  1*111  VIVMISSHIN 


I’rot  rduiv 

l|<'nitiiil<>'4\ 

l’rn|i»*j\ 

Mi*ivll.ttu,i  Hi- 

l!<  i-rnit 

Act.  I*my  " 

IH-p.  A.I). 

Itftlivd 

Dep.  lift. 

1  1 
».2 

)  .it 

r.i 

1.2 

1 .  i*. 

1.1 

1.2 

1.  1 

2.1 

1.2 

2.5 

1.2 

2.7 

INI* 

M  il  NT 

hahii ii  i  »;y  i’ll' »fi  to  ms  i'i 

It  ADMISSION 

_ _ 

m  _  .  ■  —  __ 

Pixeediuv 

.*(<-(- nut 

Vfl.  1  Hll  \ 

Dep.  V.D. 

Ilf ‘tin  tl 

(Vft.  lift. 

'1  ij*»r 

ii.  i 

1 

1 

0.  7 

o.l 

Minor 

11.  1 

".  1 

ii  1 1; 

0.1 

1  |niirnM-ti|iii's 

•  •.I 

0.1 

I'.  1 

••.I 

0.  1 

I'llAllMAtA  l*iil  SlItll'TloNS  1*1  It  l  NIT  VVolllvl  DAO 


1‘ivsci  ipiimts  I’lVM-riptiiMis  IVr 

1 1 1 1  >  1 1 1  in  t  Vilmissioii  « impatient  Visit 

•..it  o.-» 


v:  cii.i  viiy  i  s  uir 

IM  11  nlTP  M  il  NT  V  ISIT 

S»*r\  iet 

i)n  uit  It  v 

Toils 

1  tii 

It.ltlitlltlliV 

It  idlolm-v 

O.ii 

0.1  it 
o.oti.5 

Tests 

Procedures* 

F'loumseopies* 

•(An  iuti;i'  «>t  lii  films  |vr  llouroscnpy  Is  issiuiusl;  :ir»  averam*  of  .1.5 
films  pc i*  utli«  f  r.nliu^r  iplilf  proosluiv  is  assumed). 

TAI1I  r  3. 1-5 

DKMANI)  IlY  IDM:i  IClAltY  CAT KOOKY 

Population  l 

lii|i;it i«*nt  Admissions  IVr  Year 

Year 

llecnilts 

Act.  I)ut> 

lV|i.  A.I). 

Retired 

Dep.  lift. 

ii 

ii 

5011 

1 4  S3 

n 

itillil) 

5011 

!I45 

10.50 

10 

0 

3.HH> 

5011 

1130 

11IS4 

15 

21)1*1 

1217 

02!  <0 

132S 

231 S 

20 

20011 

4217 

02!  0 

1510 

2051 

25 

2<mn 

1217 

02!*0 

1710 

2US5 

OLTP  VTIFN'T  VISITS  PF  11  YKAIl 

Yfar 

lift*  ruits 

Act.  Duty 

Dep.  A.I). 

lift  1  rcil 

D»-p.  Hv’t. 

II 

I 

I02,2l'i 

1 4  s ,  24  S 

24,002 

45,011 

*> 

0 

m2, 210 

1  |s,2|s 

27,43s 

50, 070 

in 

11 

102,210 

1  |s.2IS 

32,  !»s«i 

00, 205 

15 

11, 100 

12',  ill  1 

]  ''ii*  077 

3S.540 

70, 335 

2'* 

41.400 

12s,  .111 

]  077 

•»4,0!il 

SO,- 10. 5 

25 

41,400 

12-t,  ill  1 

1  so,  077 

4!l,  0-12 

!H),  5!I4 
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TABI-E  3.4-6 


DEMAND  BY  BENEFICIARY  CATEGORY 
Population  2 

INPATIENT  ADMISSIONS  PER  YEAR 


Year 

Recruits 

Act.  Duty 

Dep.  A.D. 

Retired 

Dep,  Ret. 

0 

0 

5011 

850 

1483 

5 

0 

3360 

5011 

945 

1650 

10 

0 

4802 

7992 

1156 

1984 

15 

0 

4802 

7992 

1328 

2318 

20 

0 

4802 

7992 

1519 

2651 

25 

0 

4802 

7992 

1710 

2985 

OUTPATIENT  VISITS  PER  YEAR 

Year 

Recruits 

Act.  Duty 

Dep.  A.D. 

Retired 

Dep.  Ret. 

0 

0 

102, 240 

148,248 

24,662 

45,011 

5 

0 

102, 240 

148,248 

27,438 

50,076 

10 

0 

146,118 

236,430 

32, 989 

60,205 

15 

0 

146,118 

236,430 

38,540 

70, 335 

20 

0 

146,118 

236,430 

44,091 

80,465 

25 

0 

143,118 

236,430 

49,642 

90,594 
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TABLE  3.4-7 


INPATIENT  DEMAND 
Population  2 


Time 

Wars 

Intensive 

Care  Unit 

Beds 

'leav\ 

Care 

Beds 

Moderate 

Care 

Beds 

Light 

Care 

Beds 

lotal 

Beds 

Outpatient 

Visits 

Annually 

n 

T> 

3  s 

104 

103 

430 

320,101 

5 

Cl 

42 

100 

102 

434 

324,001 

10 

' 

01 

200 

013 

ISO, 120 

15 

•» 

07 

204 

270 

040 

401,423 

20 

10 

7 1> 

304 

200 

050 

507, 103 

25 

1 1 

$5 

314 

264 

070 

522,  7S4 

TABLE  3.4-8 
INPATIENT  DEMAND 

Population  1 


Time 

Years 

Intensive 

Care  Unit 

Beds 

wSw 

Moderate 

Care 

Beds 

Light 

Care 

Beds 

Total 

Beds 

Outpatient 

Visits 

Annually 

0 

5 

34 

104 

103 

430 

320,161 

5 

6 

42 

100 

102 

433 

323,001 

10 

7 

40 

204 

103 

450 

343,032 

15 

11 

75 

334 

103 

013 

432,303 

20 

12 

70 

341 

340 

732 

430,343 

25 

13 

30 

351 

343 

301 

496,024 

TABLE  .‘L4-9 


PROBABILITY  DISTRIBUTION  APPLICATION 


(Base  "X",  Example  1) 


1.  To 

Distribution  of  Bed  Requirements  by 

Levels  of  Care. 

INPUT  AVERAGE 

CENSUS? 

INPUT 

AVERAGE 

CENSUS? 

AVERAGE 

CENSUS 

IS  4.355 

AVERAGE  CENSUS 

IS  194.774 

ICU 

MODERATE 

N 

P  - 

N 

P 

IS 

.999399 

238 

.998609 

10 

.994713 

227 

•98841 1 

7 

•924873 

216 

.937311 

5 

. 72748 

265 

”781033 — 

4 

•  559829 

194 

.499  314 

2 

•  190556 

184 

•233388 

1 

•  68771 3£- 01 

174 

•  702825E-  0 1 

0 

.  128425E-01 

164 

.  125036E-C1 

154 

.  12126E-02 

INPUT  AVERAGE 

CENSUS?  -  HEAVY 

AVERAGE 

CENSUS 

IS  33.941 

INPUT 

AVERAGE 

CENSUS?  -  LIGHT 

AVERAGE  CENSUS 

IS  221*242 

N 

P 

53 

•998699 

N 

P 

48 

•989624 

267 

•998548 

42 

•922911 

255 

.987323 

38 

•  7876 

243 

.930107 

33 

•  486906 

232 

.777531 

29 

•22872 

'.'486799 - 

25 

•664325E-01 

209 

.216839 

21 

•  100522E-01 

199 

•  6919  24E-01 

18 

• 138807E-02 

188 

•  011569 

178 

. 131 13E-02 

INPUT  AVERAGE 

CENSUS?  -TOTAL 

AVERAGE  CENSUS 

IS  454*312 

570  NOMINAL  BEDS 
UTILIZATION 

AT  0.8 

N 

P 

SUM  OF  PROBABILITY  FUNCTIONS 

520 

.998697 

503 

.988076 

INTENSFV  E  12 

(.  DDD7r  > 

486 

.93^627 

HEAVY  53 

(.9980;) 

470 

•777669 

MODERATE  21 6 

(.937%) 

454 

438 

•  508193 

•  230719 

LIGHT  232 

(.777%) 

TOTAL  513 

(.988  ) 

422 

407 

*  658507E-0 1 
• 124307E-01 

NOMINAL  570 

392 

. 13799 7E-02 

DIFFERENTIAL  -60 

BEDS  at  T  . 
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TABLE  3.  1-9  ((  ont'd) 


J.  I  )  ,  Distribution  ol  Iknl  Requirements  by  Levels  of  Cure. 


I  NFUT  AVERAGE  CENSUS?  INPUT  AVERAGE  CENSUS? 


AVERAGE 

CENSUS 

IS  9.976 

AVERAGE 

CENSUS  IS  307*663 

IN  I  FNSIYK 

MODERATE 

N 

P 

N 

P 

PI 

.999317 

362 

.9987 

18 

.99  29  78 

348 

•  98836  > 

15 

.952084 

334 

•934C99 

12 

.  79  3823 

320 

. 769847 

9 

.460935 

307 

•  501985 

7 

.  22239 

29  4 

.228415 

5 

.  679993E-01 

281 

•655427F-A1 

3 

.  105192E-01 

269 

.  127907; -  01 

2 

.  28  244  E- 02 

257 

.  148  20  1  E-CO 

INPUT  AVERAGE 

CENSUS? -HEAVY 

INPUT  AVERAGE  CENSUS?  -LIGHT 

AVERAGE 

CENSUS 

IS  67.912 

AVERAGE 

CENSUS  IS  326-074 

N 

P 

N 

P 

94 

.998588 

382 

.998707 

87 

•  987878 

367 

.987409 

80 

•  931949 

353 

.933384 

73 

•  756102 

339 

. 773244 

67 

.492153 

325 

.49  2842 

61 

.221983 

312 

.2279  72 

55 

•  6074 19  E«  0 1 

299 

•  68  3131 E- 01 

50 

.012744 

286 

.  12299 5E- Cl 

45 

•  15688E-02 

273 

. 124645E-0P 

INPUT  AVERAGE  CENSUS?- TOTAL 
AVERAGE  CENSUS  IS  711.6S5 


P 

79  3 

•998626 

772 

•987588 

751 

. 931C29 

731 

. 7731 1 5 

71  1 

. 501863 

69  1 

. 226526 

671 

. 647 1 68 E- 01 

652 

.  120773E-01 

633 

.  133324E-02 

890  NOMINAL  BEDS  AT  0.8 
UTILIZATION 

SUM  OF  PROBABILITY  FUNCTIONS 


INTENSIVE 

:>] 

( .  999rr ) 

HEAVY 

94 

(.99."  . 

MODERATE 

33  1 

(.9ory, ) 

LIGHT 

33'! 

(.  770'.,T 

TOTAL 

788 

NOMINAL 

790 

DIFFERENTIAL 

100 

BEDS  al  T, 
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First  Approximation  Test  Design 

The  facility  requirements  for  Base  "X"  at  TQ  are  defined  by  the 
application  of  current  criteria  to  the  Demand  Model  outputs.  For  the  test 
design,  the  specific  transformation  process  from  demand  to  resources  was 
limited  to  the  health  care  elements  of  the  system  including  inpatient  beds, 
outpatient  clinics  by  specialties,  surgery,  delivery,  radiology,  clinical 
laboratories,  and  pharmacy.  For  support  functions,  such  as  administration, 
dietary,  and  patient  services,  the  scope  was  set  at  approximately  that  of 
current  design  facilities  with  a  comparable  patient  load.  This  was  done  to  focus 
the  design  effort  on  the  essential  health  care  elements  of  the  system  and  to  test 
their  sensitivity  to  varying  demands  created  by  the  time  and  mission  dynamics. 

The  primary  sensitivity  of  Example  1,  the  recruit  mission,  is  the 
requirement  for  more  inpatient  beds,  and  the  appropriateness  of  satellite  health 
care  facilities  to  respond  to  the  first  echelon  of  care  requirements  of  the 
recruit  population.  The  dispensaries  may  be  detached,  related  to  the 
troop  housing  area  or  contiguous  to  the  composite  facility.  Their  location  is 
tied  into  the  organizational  logic  of  the  design  concept. 

The  application  of  current  planning  criteria  to  the  general  design  logic 
(examples)  has  resulted  in  a  facility  with  the  following  characteristics: 


Time 

Level 

Square  Feet 

T0 

Ambulatory  Level 

125,000 

Medical/Administration 

Level 

95,000  (+10,000 

square  feet  unfinished 

space) 

Service  Level 

105, 000 

Inpatient  Levels  (570  beds 
at  0. 8  utilization) 

165, 000 

TOTAL 

490, 000 

(+10,000  square  feet) 
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Ambulatory  Level 
MoJical/Professional 
Service  Level 


*10 


100,000 

130,000 


130,000 


Inpatient  levels  (Nominal  230, 0C0 
820  l>eds  at  0.8  utilization) 

TOTAL  080,000 


Tjf  Ambulatory  Level  220,000 

Mcdical/Professional  130,000 

Service  Level  130,000 

Inpatient  Levels  320, 000 

(1100  nominal  beds  at 
0.8  utilization) 

TOTAL  800, 000 


The  scope  for  the  TQ  and  T^/T^  configurations  were  determined  In 
considerable  detail  for  each  functional  element  (e.  g. ,  surgery,  radiology, ) 
to  ensure  that  all  Demand  Model  outputs  can  be  directly  translated  Into 
building  areas  using  current  criteria.  The  functional  elements  not  Included 
In  the  Demand  Model  (e.g. ,  dietary  and  central  sterile  supply)  were  all  cal¬ 
culated  indirectly  from  data  derived  from  the  Demand  Model.  Dietary,  for 
example,  was  calculated  by  comparing  total  inpatient  demand  with  levels  of 
dependency,  assuming  that  a  certain  percentage  of  light  care  patients  did  not 
have  meals  in  beds,  but  did  receive  all  their  needs  In  the  hospital.  This 
approach  allowed  the  Team  to  work  up  all  the  non-medical  areas  with  sufficient 
accuracy  for  design  purposes. 

Each  scaled  functional  element  was  then  arrayed  within  the  overall 
design  logic  framework,  already  described.  This  logic  was  applied  for  each 
successive  time  framework  for  each  population  example  selected  for  Base  "X"  — 
T  1  t1(/t15.  Micro  studies  of  each  major  functional  area  were  then  developed. 
Their  ability  to  respond  to  the  time  base  dynamic  of  the  system  without  reduced 
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Mm  CONFIGURATION 


Figure  3.4-3  Ambulatory  Level  Patient  Flow 
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SYSTEM  CONFIGURATION 
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Figure  3. 4-4  Ambulatory  Level  Time/Distance  Grid 


operational  cap:i)>ilitv  was  tested  where  necessary,  using  computer-based 
adjacency  studies  as  :ui  aid  to  refining  the  overall  design  logic.  Major  opera- 
ti  rnal  and  const  ruction  sub-systems  were  integrated  into  the  design  and  evaluated. 

The  following  is  a  summary  of  the  functional  ami  operating  characteristics 
for  each  level  of  the  Base  *’X"  design  configu ration  related  to  the  time  dynamics 
of  demand,  people,  materiel,  and  communications  flow  which  result  from  using 
the  Design  logic. 

Ambulatory  level  (T^T^  and  T^) 

The  ambulatory  treatment  zone  comprises  most  of  the  outpatient 
functional  elements.  Rapid,  highly  unpredictable  cliangc  capabilities  are 
generally  demanded  in  forms  that  are  small  and  difficult  to  define.  Without 
dlsb; ri)lng  or  altering  the  organization  of  the  patient  entry  and  flow  patterns, 
the  design  logic  organizes  the  most  flexible  and  selective  planning  concepts  to 
allow  multiple  patient  entry’  to  the  aggregate  groupings  of  similar  medical 
treatment  areas.  The  waiting  and  flow  characteristics  of  the  ambulatory 
patients  into,  and  between,  these  areas  arc  organized, and  an  open-ended 
expansion  of  areas  for  highly  utyrcdictablc  growth  provided  (Figure  3. 4-3), 

The  time /distance  grid  was  superimposed  on  the  Base  "X"  layout  to 
evaluate  the  total  organization  as  well  as  specific  subsets  such  as  the  emergency 
system  relationship  to  its  support  services  (Figure  3.4-4). 

As  illustrated  in  the  improvement  analysis  section  of  this  report,  the 
major  deficiencies  in  the  outpatient  area  in  current  BLHC  Systems  include: 

a)  Ill-defined  outpatient  clinic  areas 

I>)  No  room  for  expansion  —  except  by  forcing  growth  patterns  which 
destroy  essential  operational  adjacencies 

c)  No  capability  for  internal  rearrangement  or  multiple  usage  by 
different  specialties  or  personnel 

d)  Dndeslrablo  flow  patterns  both  between  clinics  and  between  cilnies 
and  interrelated  inpatient,  ancillary,  and  support  areas. 
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The  Base  "X"  layout  solves  these  problems  within  the  design  logic  as  follows: 

•  Well-defined  zone  for  outpatient  care.  All  outpatient  care  facilities , 
including  the  ancillary  and  support  services,  are  located  within  the 
first  level  of  the  facilities.  The  clinics  with  high  flow  volumes  arc 
all  at  ground  level,  each  with  their  own  access  point  from  the  out¬ 
side  to  reduce  cross-traffic  congestion. 

•  Open-ended  expansion.  Since  the  ciinies  with  the  most  need  for 
expansion  are  located  along  the  perimeter  of  the  first  floor,  they  can 
be  eat  .ly  expanded,  independently  of  one  another.  The  T10  capability 
of  the  elements  of  the  ambulatory'  level  Includes  a  system  of  growth 
which  permits  the  open-ended  expansion  of  some  clinics  within  the 
timc/distancc  relationship  to  the  major  modes  and  the  limits  of 
efficient  internal  layout.  Other  clinics  can  grow  by  displacement 
into  adjacent  areas  of  similar  uses  and  by  the  construction  of  new 
clinic  elements  within  nn  extended  ambulatory  level.  (Figure  3.4-5). 

This  system  also  provides  the  capability  to  upgrade  the  technology 
of  the  ambulatory  zone  as  a  function  of  time.  The  clinic  which  dis¬ 
places  another  reverts  to  a  lower  cehelon  of  care.  (The  medical 
specialty  clinic  becomes  the  walk-in  clinie. )  The  newly  constructed 
clinic  can  include  the  newest  technology  and  concepts  as  they  relate 
to  that  specialty  service  at  the  later  time  frame,  thereby  reducing 
the  obsolescence  rate  of  the  overall  DLHC  System.  The  ultimate 
(Tjj)  capability  cf  the  ambulatory  level  indicates  how  a  very  large 
BLHCS  may  incorporate  satellite  health  care  elements,  such  as  a 
dispensary  or  an  outpatient  surgery  function,  related  to  the  overall 
organizational  and  functional  framework  of  the  composite  facility. 

The  design  model  concept  provides  for  locating  the  "dispensary 
function"  (or  neighborhood  clinic)  contiguously  within  the  organizational 
logic  of  the  composite  facility.  If  dispersion  is  appropriate  for  a  given 
BLHC  System,  the  overall  organizational  logic  is  not  affected.  Tl  e  linkages 
for  the  dispersed  health  care  demand  and  facility  elements  to  ancillary 
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Figure  3.4-5  G rowth/C han^e  System  for  Clinics 
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Figure  3.4-6  Combination  Treatment 
and  Examination  Rooms 
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services  (radiology,  clinical  laboratories,  pharmacy,  medical  records) 
can  be  quantified  and  the  appropriate  ratios  for  resources  between  the 
composite  and  satellite  facilities  can  be  assigned. 

#  Capability  for  internal  rearrangement  and  multiple  usage.  The 
grouping  of  similar  clinics  permits  each  to  accept  day-to-day 
operational  fluctuations.  The  development  of  combination  treatment 
and  exam  rooms  permits  multiple  use  by  clinics  (Figure  3. 4-C) 
and  by  several  physicians  —  whose  offices  may  be  located  in  the  medical- 
professional  level  related  to  the  educational  and  training  activities. 

This  not  only  Increases  the  throughput  capability  of  the  system  but 
also  permits  t  lie  extra-hour  shift  operation  suggested  by  the  Medical 
Team.  In  the  higher  specialty  clinics,  where  it  is  desirable  for  the 
physicians'  offices  to  be  in  the  clinic,  criteria  improvement  for 
providing  more  examining  rooms  per  physician  will  increase  through¬ 
put  and  improve  utilization  of  staff  and  facility.  The  clinic  areas  are 
largely  free  of  fixed  structural  elements;  because  the  inpatient  towers  are 
supported  by  the  structural  transfer  zone.  Because  mechanical 
services  are  related  to  the  entry  and  flow  pattern  and  the  service 
nodes,  changes  and  modification  are  easily  effected  in  the  large 
column  free  modules  (75  x  450)  (Figure  3.4-7)  and  the  predetermined 
mechanical  service  pattern  (Figure  3.4-8). 

o  Flow  patterns  are  used  to  determine  adjacency.  The  provision  of 
multiple  entry  points  allows  scheduled  patients  to  park  near  the 
clinic  and  to  enter  that  clinic  directly.  First  visits  are  channeled 
to  appropriate  clinics  along  a  spacious  and  well  marked  central 
corridor.  The  layout  was  refined  by  the  use  of  a  pairwise,  computer- 
based  optimization  program  (previously  developed  by  Westinghouse 
for  adjacency  studies  of  manufacturing  facilities)  and  the  program  and 
its  application  to  Base  "X"  is  described  in  Appendix  3.4-1.  The 
computer  assisted  adjacency  optimization  program  was  considered 
as  an  elective  refinement  of  the  design  concept  and  methodology. 
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Figure  3.4-7  Ambulatory  Level  Showing 
Structural  Overlay 
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Figure  3.4-8  Ambulatory  Level  Mechanical 
Service  Pattern 
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This  design  concept  and  methodology  are  not  based  on  computers. 

The  criteria  for  determining  adjacencies  is  based  on  three  critical 
items: 

•  staff  flow 

•  communications  (hand  carried) 

•  patient  flow 

Each  successive  optimization  was  generated  by  weighting  these  (terns 
differently  and  adding  in  constraints  related  to  issues,  such  as 
expansion  capability. 

Figure  3.4-9  reflects  the  final  adjacency  relationships  based  on  the  program 
results  and,  with  minor  modification,  the  layout  of  the  ambulatory  level  of  Base  "X”. 
The  adjacency  results  reflect  an  overall  reduction  of  flow  and  optimization  of  relation¬ 
ship  which  may  leave  any  individual  adjacencies  in  a  sub-optimal  relationship.  There¬ 
fore,  further  micro-adjacency  studies  were  undertaken  to  refine  critical  relation¬ 
ships  such  as  that  between  the  emergency  department  to  its  related  services. 

Figure 3. 4-10 Illustrates  how  this  functional  element  is  related  to  immediate 
critical  adjacencies  on  a  much  smaller  tlmc/distance  relationship,  as  well  as 
how  the  vertical  adjacency  relationships  relate  to  other  functional  elements  such 
as  surgery,  intensive  care,  and  the  inpatient  areas.  These  relationships  have 
been  refined  to  reflect  the  recommendations  of  the  Medical  Health  Care  Team  and 
create  the  framework  for  evaluating  specific  hardware  recommendations,  such  as 
the  resuscitation  elevator. 

A  similar  analysis  was  used  to  refine  adjacency  relationships  based  on 
communication  flows  (See  Figures  3.4-11,  12, &  13).  The  classification  of  communi¬ 
cation  relating  to  urgency  of  patient  care  required  that  these  links  be  specifically 
considered.  Further,  the  system  of  growth  Implied  that  at  the  T10  time  frame 
some  of  the  Initial  adjacency  relationships  arc  displaced  and  some  of  the  links  arc 
extended  as  the  organization  framework  expands. 

Figures  3.4-14, 15,&16also  illustrate  how  the  three  highest  volume  com¬ 
municators  of  the  System,  the  most  critical  linkages,  remain  constant  even 
though  the  System  grows.  The  refinements  based  on  staff  flow  criteria  relate 
clinics  by  vertical  adjacencies  to  the  functional  areas  which  are  used  by  their 
physicians  and  staff.  (Pediatric  Clinic  -  Nursery;  OB/Gyn  Clinic  -  Surgery/ 

Delivery;  Surgery/Orthopedic  Clinic  -  Surgery/lCU).  These  relations  are  achieved 
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not  onl*  through  disen.  te  horizontal  and  vertical  placement  but  also  through  re¬ 
lationships  to  the  major  and  minor  nodes  which  represent  the  links. 

The  final  adjacency  layouts  represent  refinements  from  computer  results, 
refinements  from  medieal  review,  and  refinements  from  design  based  on  the 
dynamie  time  change  characteristic s  of  the  ambulatory  level. 


Figure  COMPI  TKK  AIM ACKNCV  STUDY 


1.  Idealized  layout  for 
computer  input 


2.  Initial  architectural 
plan  showing  layout 
correspondence 


Final  computer 
adjacency 
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MICRO  ADJACENCIES 
EMERGENCY  SUBSYSTEM 


Figure  3.4-10  Micro  Adjacencies 
Emergency  Sub -system 
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Figure  3.4-11  Ambulatory  Level 
Communications  Flow  to  Medical  Records  (Tq  -  Tjo) 
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Figure  3.4-12  Ambulatory  Level 
Communications  Flow  to  Pharmacy  (To  -  Tjq) 
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Figure  3.4-13  Ambulatory  Level 
Communications  Flow  to  Clinical  laboratory  (T0  -  T10) 
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Figure  3.4-14  Ambulatory  Level 
Communications  Flow  to  Medical  Records  (T10  -  Tjj) 
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Figure  3.4-15  Amublatory  Level 
Communications  Flow  to  Pharmacy  (Tjq  -  Tjq) 
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Figure  3. 4-1(5  Ambulatory  Level 
Communications  Flow  to 
Clinical  Laboratory  (T10  -  Tj«j) 
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Med  ical/P  ro  less  ional  Level 


I’he  functional  elements  of  the  medical  ;uul  allied  )  rotessional  level  are 
vertically  related  to  the  ainlnilator\  level  In  the  primary  and  secondary  eireula- 
tion  nodes.  Change  flexibility  of  this  level  is  enhanced  hv  the  accessibility  of 
mechanical  services  contained  yvithin  the  large  clear  sp;m  modules  (;$  -  73'  x 
190').  (Figure  3.4-17.)  Unfinished  space  is  provided  for  the  step  function 
groyvth  of  the  major  health  care  elements  (surgery  and  delivery).  Surgery  is 
considered  a  sub-system  which  includes  the  recovery  :md  intensive  care 
elements.  Modules  of  groyvth  are  designed  so  that  this  area  can  groyv  from  an 

Initial  (1-8  theaters  at  T  to  a  total  of  12  theaters  at  T  ,  to  match  the  demand. 

0  N 

The  diagram  illustrates  hoyv  the  basic  floyv  of  patients,  staff,  and  supplies  is 
maintained  during  these  changes  yvithout  unduly  extending  the  horizontal 
distances,  liie  specific  patient  floyv  sequence  from  entry,  to  surgery,  to 
recovery,  and  then  intensive  care  reflects  the  progression  and  condition  of  the 
patient  (Figure  3.4-18). 

This  design  logic  reduces  the  technological  obsolescence  of  the  BLHC 
System  during  its  life  cycle.  The  space  modules  are  uniform  and  will  ac¬ 
commodate  all  surgical  procedures  except  organ  transplants.  (Figure  3.4-19.) 

At  T  /T  yvhen  expansion  is  required,  neyv  procedures  and  new  technology 
10  lo 

can  be  incorporated  into  the  new  elements  within  the  surgical  suite.  A  new 
concept  relating  to  the  operating  suite  may  increase  the  size  of  the  module  and 
reduce  the  total  number  of  suites  possible  in  the  planned  growth.  However,  the 
design  configuration  illustrates  the  possibility  of  relating  an  outpatient  surgery 
department  to  the  ambulatory  zone,  thereby  easing  the  demand  on  the  suite  and 
freeing  it  for  more  serious  procedures.  New  health  care  elements  and  changed 
mission  requirements  such  as  teaching  may  require  expanded  capabilities  (T^) 
associated  yvith  larger  BLHC  Systems  (700-1000  beds),  and  can  be  accommodated 
with  a  major  increment  of  growth  of  the  medical,  administrative,  and  service 
levels. 
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Figure  3.4-17  Medical -Administrative  Level 
Structure  Overlay 
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Figure  3. 4-18  Staff,  Patient  and  Materiel  Flows 
for  Surgery 
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SURGERY  MODULES  /  PROCEOURE  OPTIONS 

Figure  3.  4-19  Surgery  Space  Module 
Procedure  Options 
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Service  Level/Structural  Transfer  Zone  (Figures  3.4-20  and  3.4-21) 


The  Service  Level  is  directly  related  to  the  structural  transfer  zone 
concept  and  is  placed  nearest  to  the  elements  dependent  on  service  support  — 
inpatient  levels  and  other  functions  with  important  vertical  adjacency  require¬ 
ments,  such  as  Central  Sterile  to  Surgery  and  Delivery  (Figure  3.4-22).  The 
Bethlehem  Steel  ana  U.  S.  Steel  Companies  helped  evaluate  cost  and  flexibility  impli¬ 
cations  for  several  structural  sub-systems,  both  for  this  level  and  the  overall 
facility  structure.  The  implications  of  various  structural  alternatives  on  the 
design  flexibility  are  illustrated  in  Figures  3.4-23  and  3.4-24. 

The  major  design  objective  for  the  structural  transfer  zone  is  to 
free  the  lower  floors  of  the  constraints  to  change  and  growth  normally 
encountered  when  the  structural  treatments  of  the  inpatient  areas  are  continued 
to  grade.  A  two-way  truss  structural  system  was  chosen  for  this  level  in 
order  to  provide  the  greatest  flexibility  (Figure  3.4-23).  Although  its  initial 
cost  is  highest,  some  flexibility  is  lost  if  a  less  expensive  structural  system 
is  substituted. 

Similarly,  design  concepts  have  been  developed  for  utilities  such  as 
plumbing,  heating,  ventilating,  and  air  conditioning  (HVAC),  and  electrical. 
Sub-systems  allow  discrete  selection  of  components  and  major  distribution 
and  control  systems  to  ensure  the  least  life  cycle  costs  in  the  context  of  the 
system’s  demands  for  change  flexibility.  The  structural  and  other  major 
construction  sub-systems  have  not  been  integrated  for  the  :>ame  reasons. 

Figure  3.4-25  illustrates  the  relationship  of  mechanical  equipment 
rooms,  all  grouped  on  the  service  level,  and  the  utilities  distribution  to  the 
inpatient  areas  and  lower  levels.  The  inpatient  areas  utilize  a  peripheral 
system  of  distribution  from  mains  running  in  the  trusses  of  the  service  level. 

The  remainder  of  the  building  is  served  from  major  risers  in  the  primary  and 
secondary  nodes  with  major  horizontal  distribution  following  the  circulation 
patterns  at  each  floor. 
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Figure  3.4-22  Scrvice/Supply 
for  Inpatient  Levels 
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Figure  3.  4-23  Two-Way  Truss 
Structural  Alternative 
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Figure  3.4-24  Vierendel  Truss 
Structural  Alternative 


ui 


3.4-37 


uaamiwNM.  mctiow 


Figure  3.4-25  Relationship  of  Mechanical  Equipment 
and  Utilities  Distribution 


The  service  level  is  also  the  hub  of  materiel  and  supplies  storage  and 
distribution  systems.  This  was  largely  dictated  by  its  proximity  to  the  major 
user  of  these  items  —  the  inpatient  area.  Also,  it  is  located  directly  above 
the  Surgery  and  Delivery  Suites.  Supplies  and  services  are  received  in  the 
warehousing  area  through  one  of  the  secondary  nodes,  possibly  in  the  form  of 
a  freight  elevator  supported  by  a  dumbwaiter.  The  distribution  of  services 
from  the  warehousing  or  dietary  area  is  through  primary  vertical  circulation 
nodes  (Figure  3.4-  26).  From  these  vertical  nodes,  the  distribution  pattern 
to  each  level  and  on  each  level  to  each  functional  activity  is  simple  and  direct 
(Figure  3.4-27).  If  an  automated  disposal  system  is  incorporated  into  the 
BLHC  System,  it  is  included  in  the  secondary  nodes. 

The  Dietary  pattern  is  specifically  illustrated  (Figure  3.4-28  since 
it  represents  the  largest  demand  for  materiel  distribution.  The  diagram 
shows  the  proximity  of  the  source  to  the  areas  to  be  served,  and  the  lack  of 
conflict  of  this  major  service  flow  with  the  other  activity  levels  which  are  not 
dependent  on  dietary  services  but  have  a  high  degree  of  people  circulation.  The 
concepts  of  distribution  are  not  based  on  specific  materiel  distribution 
hardware,  but  can  accommodate  a  variety  of  hardware  options. 

Vertical  Nodes  (Figures  3.4-29  and  3.4-30) 

The  performance  characteristics  of  vertical  nodes  have  been  defined 
in  the  generalized  logic  as  the  umbilical  cord  which  links  the  horizontal  and 
vertical  movement  of  people  and  the  distribution  of  services  within  the  design 
logic.  Specific  application  to  Base  "X"  has  required  more  detailed  analysis 
of  the  functions  of  the  nodes.  The  primary  nodes  retain  their  function, 
mechanical  movement  of  people  with  elevators.  Specific  numbers  of  elevators 
can  be  tied  directly  to  the  modules  of  inpatient  activity  as  a  function  of  time; 
the  ultimate  growth  capability  of  the  total  system  is  determined  by  the  vertical 
life  capability  provided  in  the  primary  nodes.  Each  primary  node  also  con¬ 
tains  stairs  for  optional  local  vertical  circulation.  Additional  functions 
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Figure  3. 4-26  Primary  Vertical  Circulation  Nodes 
for  Services  Distribution 
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Figure  3.4-27  Materiel  Distribution  Pattern 


Figure  3. 4-28  Dietary  Distribution  Pattern 
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MAJOR  VERTICAL  NODES 
PERFORMANCE  CHARACTERISTICS 


Figure  3. 4-29  Major  Vertical  Nodes 
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UTILITIES 

Figure  3. 4-30  Minor  Vertical  Nodes 
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assigned  to  the  primary  nodes  are  materiel  distribution  and  secondary 
mec  hanical  distribution.  The  secondary  nodes  still  serve  as  a  means  of  local 
vertical  people  movement  using  stairs ,  but  are  also  assigned  the  function  of 
major  mechanical  .electrical  and  utilities  distribution,  up  and  down  from  the 
service  level.  One  secondary  node  is  assigned  a  freight  elevator  for  delivery 
from  grade  level  to  the  service  level.  The  geometry  of  the  nodes  may  also 
vary  based  on  the  various  initial  configuration  options  and  future  capability 
objectives. 

Inpatient  Elements 

The  inpatient  demand  for  Base  "X"  can  be  met  by  several  configuration 
alternatives,  based  on  2  or  3  levels  of  inpatient  configurations  combined 
with  on-grade  three  level  light  care  units.  The  design  logic  precludes  adding 
a  third  level  to  a  two  level  configuration  after  it  has  been  built.  Therefore, 
the  initial  decisions  made  on  the  configuration  alternatives  relative  to  two 
or  three  levels  determine  what  options  will  be  available  to  meet  the  T, .  ,  _ 
demand  and  thus  the  ultimate  capability  (T^)  of  the  system.  (Figure  3.4-31.) 
The  ultimate  capability  of  the  two  level  system  is  limited  to  approximately 
820  beds  whereas  the  three  level  system  has  an  ultimate  capability  of  1100 
beds.  For  operational  flexibility,  the  light  care  function  of  inpatient  care 
must  be  designed  as  a  component  of  the  inpatient  configuration  system  to 
reflect  the  progression  of  patient  care  through  the  BLHCS. 

Further,  the  ability  of  the  inpatient  system  to  accept  swing  demands  from 
higher  levels  of  dependency  will  increase  administrative  latitude. 

As  policy  and  budget  constraints  are  applied  to  the  planning  process, 
the  light  care  element  represents  the  variable  component  of  the  inpatient 
system  in  terms  of  total  demand.  The  on-grade  light  care  units,  therefore, 
are  elements  available  for  attaining  the  ultimate  system’s  capacity.  If  a 
specific  mission  assignment  can  be  defined  initially  for  the  BLHC  System, 
such  as  medical  or  administrative  holding,  then  the  light  care  units  may  be 
considered  an  appropriate  initial  component  of  the  system. 
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Figure  3.4-31  Inpatient  Demand  Configuration  Alternatives 
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The  inpatient  units  are  designed  to  accept  a  variety  of  patient  care 
and  ward  resource  management  concepts.  A  nominal  density  of  34  beds  per 
nursing  unit  is  assigned  for  the  entire  inpatient  system,  with  the  understanding 
that  this  number  is  a  variable  of  the  levels  of  dependency,  and  intensity  of  the 
medical  activity  related  to  the  levels  of  care  (Figure  3,4-32). 

The  patient  capsule  has  been  conceived  to  accept  a  variety  of  single, 
double,  or  three  or  four  min  room  combinations,  the  variables  being  the  space/ 
patient  ratio  as  allocated  to  the  immediate  vicinity  of  the  bed,  and  the  space 
allocated  to  the  professional  and  nursing  activity  related  to  levels  of  depend¬ 
ency.  The  patient  capsule  (Figure  3.4-33)  has  three  major  elements: 

(1)  Peripheral  service  of  plumbing  and  mechanical  services, 
including  the  shower  and  toilet  facilities  for  the  patient 
room.  The  necessary  services  are  extended  to  the  patient 
within  "live"  partitions  which  contain  the  appropriate  utility 
elements,  in  addition  to  acting  as  a  space  divider. 

(2)  The  second  element  is  an  "inert"  partition  which  serves 
as  a  space  divider  only  and  may  be  removed  to  create  a 
four  bed  light/moderate  care  room,  or  a  four  bed  highly 
specialized  intensive  care  unit. 

(3)  The  third  element  serves  as  the  space  divider  between 
the  patient  room  and  the  professional  nursing  activity. 

These  also  serve  as  two-way  cabinets  for  the  personal 
effects  of  the  patients  on  one  side,  and  service /storage 
space  for  the  nursing  activity  on  the  other.  They  are 
movable  and  can  be  varied  to  reflect  the  different 
professional  space  requirements  of  various  patient 
dependency  levels. 

The  location  of  fixed  services  on  the  periphery  creates  much  unencumbered 
space  in  the  patient  care  unit.  The  'inert"  partition  element  is  set  to  coincide 
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Figure  3. 4-32  Inpatient  Level  Medical  Activity 
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Figure  3. 4-33  Patient  Capsule 
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Figure  3.4-34  Inpatient  Level  Materiel  Distribution 
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Figure  3.4-35  Inpatient  Level  Emergency  Evacuation 
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with  the  structural  framing  thereby  providing  unobstructed  vertical  and 
horizontal  paths  for  the  mechanical  services.  Environmental  control  is  pro¬ 
vided  for  each  room  with  incremental  units  on  the  periphery.  Structural 
alternatives  which  provide  greater  clear  spans  may  be  considered  if  additional 
flexibility  within  the  patient  care  unit  is  required. 

These  micro  studies  related  to  the  inpatient  unit,  are  not  considered 
design  recommendations  or  solutions,  but  illustrate  the  design  objectives  and 
opportunities.  Based  on  these  concepts  of  progressive  or  modified  progressive 
patient  care,  they  can  be  applied  at  the  nursing  unit  scale,  on  an  entire 
inpatient  level,  or  throughout  the  total  inpatient  system. 

The  elements  for  future  inpatient  nursing  care  as  defined  by  the 
Medical  Health  Care  Review  Team  have  been  incorporated  into  the  configuration, 
both  in  specific  designated  areas  and  general  purpose  and  unassigned  spaces 
for  responding  to  unique  future  requirements.  The  constant  elements  of  the 
inpatient  unit  are  those  which  depend  on  the  relationships  to  the  overall  system 
elements  such  as  service  and  materiel  distribution,  patient  and  staff  flow, 
emergency  evacuation  patterns,  etc.  (Figures  3.4-34  and  3.  4-35. ) 

LIFE  CYCLE  SENSITIVITY  CHARACTERISTICS  (Figures  3. 4- 36  thru  3.4-41) 

This  sequence  of  photographs  illustrates  the  life  cycle  changes  of  the 
Base  "X"  test  configuration  for  each  functional  le\el  related  to  the  time  frames 
of  the  two  examples  and  the  ultimate  capability  of  the  system  (T^). 
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FIGURE  3. 4-39  CURRENT  POLICY  ON  UTILIZATION 


■ 


470  Beds 
4  NU  at 
3  Levels 


470  Beds 
6  NU  at 
2  Levels 


3.4-53 


RM-47773 


FIGURE  3.4-41  TOTAL  CONFIGURATION  POTENTIAL  (BASE"X") 


t. 4-55 


KM-47779 


Systems  Characteristics 


Time  Function 


BLHC  System  upper  and  lower  bounds 
250  beds  —  840  beds  (2  inpatient  levels) 

Design  Organizational  Elements 
patient  entry  and  flow  pattern 

time/distance  framework 
vertical  service  nodes 

primary  secondary 


constant  O'  -  Tvt) 
0  N 

constant 


<T0  -  V 


Functional  Relationships  and  Adjacencies 
vertical  adjacencies 
horizontal  adjacencies 

functional  location 
functional  content 

technology  content 

Communications/Materiel 

Distribution 


constant 


<To  -  V 


constant  (TQ  -  Tw) 
variable 


) 


Operational  Content 
utilization  policies 
patient  mix 

inpatient/outpatient 

levels  of  dependency  variable  (TQ  -  T^) 

medical  care  objectives 
BLHC 

regional  referral  center 

teaching 

research 


The  greatest  variable  function  in  the  system  clearly  is  its  operational  content; 
the  configuration  can  accept  physical  growth  and  change  requirements  within 
the  organizational  logic  and  the  upper  and  lower  bounds  of  the  system. 

MICRO  STUDIES 

The  ability  to  accept  the  operational  variables  is  a  function  of  the 
utilization  and  throughput  capabilities  of  the  sub-system  elements.  The 
operational  objectives  and  characteristics  of  these  elements  have  been  il¬ 
lustrated  with  the  micro  studies.  Specific  micro  studies  have  also  investigated 
state-of-the-art  improvement  applications  within  the  overall  configuration 
logic. 

Radiology  has  been  found  to  be  the  most  sensitive  element  relative  to 
changing  operational  characteristics  of  the  BLHC  System.  Therefore,  the 
radiology  sub-system  has  been  defined  to  illustrate  the  state-of-the-art 
improvement  recommendations  of  the  radiology  consultant,  Dr.  Lerman,  and 
to  illustrate  the  capability  of  the  sub-system  to  grow  while  maintaining  the 
basic  operational  patterns  of  patient  and  staff  flow  (Figure  3.4-42).  The 
two  corridor  concept  is  aimed  at  improving  the  throughput  capability  of 
radiology  by  maximizing  the  productive  interface  between  radiologist  and 
health  care  demands.  Similarly,  increased  utilization  of  clinic  facilities  is 
achieved  by  the  relocation  of  physicians  offices  and  incorporation  of  com¬ 
bination  treatment/examining  rooms  into  certain  clinics.  The  flow  patterns 
of  patients  and  staff  in  the  clinic  facility  are  illustrated  (Figure  3.4-43). 

During  the  detailed  architectural  design  phase,  each  micro  study  element 
would  undergo  successive  refinements  in  layout  and  space  definition  within 
the  established  organizational  framework  of  flows  of  patients,  staff,  and 
services. 
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MICRO  STUDY : 
RADIOLOGY 
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Figure  3. 4-42  Radiology  Patient  and  Staff  Flow 


MICRO  STUDY: 
CLINICS 


Figure  3.4-43  Patient,  Staf^and  Materiel  Flows 
in  the  Clinics 
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SITE  CONSIDERATIONS 


The  location  of  the  BLHC  System  within  the  base  master  plan  is  contingent 
cn  the  following: 

•  availability  of  land 

•  relationship  to  existing  health  care  elements 

•  relationship  to  beneficiary  population 

•  relationship  to  transportation  . 

All  these  considerations  must  be  evaluated  and  planned  in  the  same  life  cycle 
time  period  as  the  BLHC  System. 

Land  Availability 

The  availability  of  land  must  be  evaluated  in  terms  of  the  growth 

prognosis  of  the  ambulatory  zone.  New  facilities  may  expand  and  displace  soft 

areas,  such  as  parking,  provided  replacement  space  is  available  as  well  as 

new  space  for  the  expanded  demand.  Alternatively,  it  may  be  possible  to 

consider  the  concept  of  air  rights,  where  land  is  reserved  to  meet  the 

contingency  of  future  demand  and  all  fixed  improvements  are  planned  around 

the  reserved  land.  The  approximate  ground  area  coverage  for  Base  "X"  at 

T.  configuration  is  3  acres.  The  growth  through  the  T,n  to  T  time  frames 
U  1U-15  .N 

would  raise  the  ground  requirement  to  approximately  5  acres.  The  require¬ 
ments  for  parking  will  vary  based  on  staffing  and  outpatient  utilization  as  well 
as  the  availability  of  alternative  modes  of  transport  on  the  base. 

The  selection  of  an  appropriate  site  with  land  availability  as  a  major 
criterion  is  essential  to  realize  the  potential  of  the  design  configuration. 
Topographic  and  subsoil  conditions  may  be  resolved  on  an  individual  project 
basis,  but  if  space  is  not  available  for  the  open-ended  development  capabilities 
inherent  in  the  design,  the  facility  will  be  constrained  during  its  entire  life 
cycle. 
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Existing  Facilities 


The  relationship  of  new  facilities  to  existing  health  care  elements  is  a 
major  consideration  in  terms  of  both  location  and  phasing.  Total  replacement 
facilities  face  the  problem  of  continuity  of  operation,  which  may  not  imply 
contiguity  of  the  new  BLHC  Systems.  Major  additions  to  existing  facilities, 
on  the  other  hand,  are  a  more  complex  problem  in  terms  of  siting  and  phasing. 
They  require  the  integration  of  the  existing  facility  elements  into  the  new 
organizational  and  operational  framework.  Consideration  must  include  the 
forecast  of  the  remaining  effective  life  of  the  existing  facilities  against  the 
performance  requirements  of  these  facilities  over  the  life  cycle  of  the  BLHC 
System. 

Location  of  Beneficiary  Population 

The  proximity  of  lower  echelon  health  care  facilities  to  the  beneficiary 
population  should  be  specifically  evaluated  for  each  base  location  relative  to 
the  base  master  plan  and  the  character  of  the  beneficiary  population.  The 
BLHC  System  is  not  analogous  to  civilian  health  care  systems  in  the  sense  of 
economic  completion.  In  civilian  systems,  the  geographic  location  most 
convenient  to  the  consumer  is  advantageous.  But  since  the  competition  of 
other  health  care  systems  is  not  a  factor  in  the  BLHC  System,  the  placement 
of  health  care  elements  related  to  the  consumer  is  based  on  the  operational 
evaluation  of  costs/benefits  of  total  BLHC  services.  The  BLHC  System’s 
convenience  and  accessibility  to  the  consumer  is  a  function  of  the  relationship 
to  the  transportation  elements. 

Transportation  Accessibility 

The  major  modes  of  transportation  to  the  BLHC  System  are  limited  to 
the  private  automobile  and  the  base  public  transportation.  The  majority  of 
patients  will  probably  use  cars;  generally  only  recruits  and  those  portions  of 
the  active  duty  population  concentrated  in  the  troop  housing  areas  will  use 

the  base  transportation. 
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The  primary  access  consideration,  then,  is  the  relationship  of  the 
health  care  facility  to  the  base  road  system.  The  following  must  be  accommo¬ 
dated: 

•  patients,  3taff,  visitors 

•  emergency 

•  services , 

The  orientation  of  the  composite  facility  relative  to  the  primary'  access  routes 
varies  with  each  location,  an  external  system  of  access  and  parking  zones 
must  therefore  be  defined  relative  to  the  design  configuration  (Figure  3.4-44). 

Patients,  Staff,  Visitors  Entry 

The  external  entry  system  must  orient  all  entrants  to  the  appropriate 
transfer  zone  and  entry  point.  The  orientation  of  patients  and  visitors  is  a 
two*phase  process:  (1)  the  initial  visit  (walk-in)  and  (2)  subsequent  visits  to 
discrete  system  elements.  Staff  and  visitor  entry  can  be  defined  in  relatively 
predictable  patterns.  The  ability  of  the  system  to  schedule  and  regulate 
ambulatory  patient  entry  has  a  direct  impact  on  the  externa!  flow  of  organization. 

Emergency 

Emergency  entry  access  routes  must  be  defined  and  segregated  to 
reflect  the  direct  and  urgent  nature  of  emergency. 

Service 

Service  is  a  major  consideration  in  defining  access  requirements.  The 
service  flow  includes  delivery  of  materiel  and  supplies,  as  well  as  the 
disposal  of  waste,  whatever  its  form.  Based  on  the  state-of-the-art  forecast, 
service  delivery  will  increasingly  change  from  large  bulk  delivery'  to  more 
discrete  and  more  frequent  service  deliveries.  More  palletized  containers  will 
facilitate  a  series  of  shipping  and  transfer  points,  and  warehousing  will 
become  more  receiving  and  distribution  than  storage  and  preparation.  The 


\ 
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MTERNAL/ EXTERNAL 
MOVEMENT  SYSTEM 


Figure  3.4-44  Orientation  of  Composite  Facility 
Relative  to  Primary  Access  Routes 
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corollary  of  this  trend  is  the  increased  production  of  waste  materials  by  the 
system.  The  disposal  of  these  wastes  to  the  periphery  or  to  an  external 
service  point  is  accomplished  with  the  proposed  vacuum  pneumatic  tube  system. 
Further  breakdown  of  the  wastes  through  compaction  will  then  facilitate  the 
disposal  process  from  the  external  service  point. 

The  specific  requirements  of  the  various  entry  flows  are  satisfied  with 
the  external  entry  system.  The  refinements  of  this  system  in  terms  of  signs, 
graphics,  and  visual  identification  systems  represent  a  further  step  in  the 
design  development.  An  integrated  internal  and  external  signing  and  infor¬ 
mation  system  can  also  represent  a  prototype  system  of  this  kind,  worthy  of 
further  specific  study. 

LIFE  CYCLE  COST  ANALYSIS 

Assumptions 

Two  major  assumptions  about  the  life  cycle  cost  comparison  of  the  test 
design  configuration  are: 

(1)  The  system  will  accrue  operating  savings  over  its  period  of 
operation  by  being  able  to  accept  a  variety  of  operational 
policies  and  organizations  for  utilization  and  staffing.  Further, 
the  system  will  accept  new  and  improved  methods  with  minimal 
modification  and  disruption  of  services,  also  resulting  in 
savings.  Since  the  test  design  will  serve  as  a  laboratory  to 
evaluate  new  concepts,  these  arc  unspecified  at  this  time 

and  difficult  to  quantify  beyond  the  specific  cost/bcncfits 
which  may  be  assigned  to  selected  sub-system  contenders. 

(2)  The  second  assumption  is  that  major  growth  will  occur 
during  the  life  cycle  of  the  system.  And,  because  operating 
costs  over  the  life  cycle  far  exceed  first  costs,  penalties 

in  first  cost  are  acceptable  because  the  system  configuration 
con  accept  growth  within  the  original  organizational  framework. 
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it  is  further  assumed  that  the  growth  will  not  cause  major 
disruption  and  modifications  and  can  be  accommodated  at 
a  normal  costing  rate.  The  smaller  differential  between 
the  initial  eosts  of  the  test  configuration  and  a  conventional 
design,  the  greater  the  life  cycle  savings  from  the  test 
configuration. 

The  analysis  of  the  system's  configuration  as  a  function  of  cost  Indicates 
that  the  ability  to  assign  variable  coct  elements  to  selected  functional  areas 
has  resulted  in  an  initial  cost  which  is  comparable  to  conventionally  designed 
facilities.  To  design  a  facility  with  uniform  flexibility  (i.e.  full  interstitial 
spaces)  throughout  may  be  justified  when  the  expansion  and  changes  of  a  system 
are  entirely  unpredictable:  but  more  appropriate  to  the  BI.HC  System  are 
concepts  of  selected  flexibility  and  assignment  of  greatest  change  capability 
to  the  most  dynamic  areas  of  the  BLliC  System  as  defined  by  the  data  gathering 
effort,  which  is  embodied  in  our  design  logic. 

Introduction 

A  macro-economic  approach  was  taken  in  the  cost  analysis  of  the  KGMH 
system  design.  This  was  necessary  to  explore  the  cost  feasibility  of  the  design 
in  terms  of  life  cost  compared  to  the  cost  of  conventional  hospital  design.  The 
cost  of  a  specific  configuration  and  method  of  construction  at  a  defined  location 
was  not  at  issue,  although  the  method  is  indicated  for  carrying  the  analysis 
to  that  level. 

Thus  the  "test  configuration"  discussed  in  the  analysis  is  merely 
representative  of  tfw  general  cost  profile  of  the  NGMH  system  design.  The 
"conventional  hospital"  data  presented  are  based  on  the  cost  files  of  McKee- 
Bcrger-Mansucto,  Inc.  and  arc  representative  of  the  current  dcslgn/cost  of 
military  and  civilian  hospitals  In  this  country.  The  time/locatlon  frames  of 
the  data  are  TQ  =  U.S.  1970  and  TJ#  *  U.S.  1980. 
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Cost  Analysis  of  NCMH  <TQ) 


The  initial  task  of  the  analysis  was  to  determine  TQ  costs  of  the  NGMH 
system  design  for  a  range  of  alternative  structural,  architectural,  and 
mechanical  solutions.  These  solutions  were  applied  to  a  typical  configuration 
(570  beds,  500,000 sq.  ft.)  to  quantify  the  various  cost  relationships  Involved. 
From  these  data  a  "tcst  'solution  was  selected  to  permit  comparison  with 
"conventional"  hospital  cost  data.  Although  the  building  systems  selected  are 
not  complete,  they  arc  representative  of  a  range  of  probable  solutions  in  term* 
of  both  cost  and  method  of  construction. 

Costs  were  analyzed  by  the  following  building  system  categories: 

1.0  Foundation 
2.0  Superstructure 
3.0  Exterior  Wall 
4.0  Interior  Finish 
5.0  Roof 
6.0  Casework 
7.0  Plumbing 

8.0  Heating,  Ventilating,  and  Air  Conditioning 
9.0  Electrical 
10.0  Elevators. 

Where  appropriate,  alternatives  were  analyzed  within  a  given  category. 
Including  seven  alternatives  under  the  structural  category,  four  under 
exterior  wall,  three  under  Interior  finishes,  and  three  under  HVAC.  Costs 
were  also  anal}  *.ed  by  level  and  functional  area  within  each  level. 

In  some  instances  however,  building  system  costs  and  the  costs  of 
certain  elements  could  not  be  appropriately  distributed  among  levels  and 
areas.  These  exceptions  include  the  foundation,  roof  and  elevator  systems, 
circulation  areas,  primary  and  secondary  nodes,  and  the  distribution  of 
exterior  wall  costs  to  Interior  areas. 
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The  costs  of  the  foundation,  roof,  and  elevator  systems  have  been 
treated  as  non-distributablc  "constants",  which  are  added  in  the  summary 
analysis  of  the  total  cost  of  the  NGMH  system.  Also,  because  the  NGMH 
test  configuration  was  assumed  to  have  a  remote  energy  supply*,  the  cost 
of  certain  mechanical  and  electrical  equipment  (boilers,  chillers.and  towers) 
have  been  treated  as  constants. 

A  summary  of  the  significant  cost  elements  for  the  NGMH  test  configuration 

is  shown  in  Table  3.4-10.  (See  Appendix  3.2-1  McKee-Bcrger-Mansueto 
Cost  Analysis). 


*  This  assumption  was  necessary  to  permit  subsequent  cost  comparisons 
with  conventional  hospitals  to  be  made  on  a  uniform  basis. 
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TABLE  3.4-10 


NGMH  TEST  CONFIGURATION  INITIAL  COST  <JQ) 
(Dollars/ Square  Foot) 


BUILDING  SYSTEM 

NGMH 

(500,000  square  feet) 

Foundation 

$  3.00 

Superstructure 

(Steel  frame,  concrete,  fireproofing 
and  slabs) 

9.15 

Architectural 

15.75 

Roof 

.85 

Casework 

2.00 

Plumbing 

3.60 

HVAC 

7.00 

Electrical 

6.55 

Elevators 

1T10 

$  49.00 

Comparative  Cost  Analysis  of  NGMH  and  Conventional  Hospitals  (Tq  and  T10) 

From  the  detailed  TQ  cost  analysis  of  the  NGMH  system  design,  a 
test  configuration  was  selected  for  comparison  to  conventional  hospital 
design.  The  configuration  assumes  the  use  of  a  2-way  truss  structural 
system  by  U.S.  Steel;  exterior  face  brick  with  solid  block  back-up; 
average  finishes;  all-air  HVAC  on  the  lower  levels  and  incremental  units 
on  the  inpatient  level;  normal  foundations;  and  standard  electrical,  plumbing 
and  elevator  systems. 
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In  terms,  of  cost,  tidfi  test  configuration  is  neither  the  least  nor  the 
most  ex|>ensivc  solution  that  could  he  achieved  with  the  NOMli  system. 

Hut,  as  would  lie  true  of  the  other  design  olutfons  to  the  NGMIi  system, 
its  primarv  cost  feature  is  its  flexibility  for  future  expansion  and  changes 
at  lower  cost.  Additional  benefits  and  advantages  are  functional  arrangements 
with  adjacencies  and  interrelationships  that  enhance  operational  workload  through¬ 
put  capabilities  staffing  and  operating  costs. 

Hart  of  the  cost  of  this  flexibility  is  a  higher  first  eost  of  the 
structural  and  architectural  portions  of  lh"  design,  specifically,  the  super¬ 
structure,  exterior  wall,  interior  finish,  roof  and  casework  systems.  The 
structural  requirements  of  a  wide  span  of  the  service  level  account  for 
most  of  the  added  cost,  both  to  the  superstructure  itself  and  to  the 
exterior  wall  system  as  well.  The  latter  is  increased  because  of  the 
resulting  higher  ratio  of  exterior  wall  area  to  gross  floor  area.  It  is 
also  increased, though  less  significantly,  because  of  the  balconies  at  the 
inpatient  level. 

Some  savings  in  the  structural  system  do  occur  at  the  inpatient 
level,  however,  because  of  its  independence  from  the  lower  level.  Case¬ 
work  costs  are  greater  because  of  their  (assumed)  more  widespread  use 
in  lieu  of  permanent  interior  partitions. 

Foundation  costs  are  slightly  lower  because  the  r»atn  block  is 
rectangular  and  columns  occur  at  regular  intervals.  Roof  system  costs 
are  higher  because  the  roof  accounts  for  a  higher  gross  area  relative  to 
the  gross  floor  area. 

The  eost  analysis  of  the  NGMH  HVAC  system  assumes  a  conventional 
all-air  system  on  the  lower  levels,  incremental  units  at  the  inpatient 
level,  and  a  remote  energy*  source,  i.e.,  boilers,  chillers  and  cooling 
towers,  in  a  separate  structure. 

At  the  ambulatory*  and  mcdical/profesnional  levels,  the  analysis 
assumes,  with  some  exceptions,  an  dll-air  system  with  terminal  reheats 
for  specific  zones,  and  cabinet  heaters,  two  pipes,  unit  heaters,  or 
eonveetor  radiation  in  entries,  stair  halls,  etc.  The  areas  where  more 
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sophisticated  treatment  is  necessary  include  surgery,  ICU-CCU, 
obstetrics  and  gynecology,  and  the  main  operating  suites. 

Multi-zone  equipment  with  terminal  reheats  are  adequate  for  all-air 
installation;  ICU-CCU  and  obstetrics  and  gynecology  can  be  heated  and 
air  conditioned  with  all  electric  incremental  units  beneath  the  windows. 
Make-up  air  for  these  areas  can  be  supplied  from  corridor  duct  work, 
with  exhaust  through  the  toilet  rooms;  direct  exhaust  is  necessary  for 
all-air  zones.  The  functions  of  the  HVAC  system  at  the  service  level 
normally  occur  at  the  basement  level  in  conventional  hospitals.  Air 
handlers,  pumps  and  miscellaneous  equipment  whose  weight  docs  not 
require  excessive  structural  alteration  arc  assumed  to  be  on  this  level. 
Piping  loops  for  both  hot  and  chilled  water  supply  and  return  are  found 
at  this  level,  feeding  down  to  the  medical/professional  and  ambulatory 
levels  and  up  to  the  inpatient  floors.  The  service  level  HVAC  system 
is  assumed  to  be  all-air,  with  some  perimeter  treatment  where  required. 
Cafeteria  and  kitchen  areas  require  the  most  sophisticated  treatment  at 
this  level. 

For  maximum  flexibility,  the  room  treatment  at  the  inpatient  level 
is  based  on  the  utilization  of  incremental  units  beneath  the  window? . 

These  are  self-contained  heating  and  cooling  units  with  integral  controls. 
They  require  only  wall  penetration  and  electrical  connections;  no  piping 
is  required  in  the  perimeter  areas.  This  equipment  does  not  place  any 
load  on  central  heating  and  cooling  gear.  Interior  floor  areas  are 
assume  to  be  nil-air  for  environmental  control,  make-up  air  and  exhaust. 
Make-up  air  will  be  provided  to  patient  rooms,  and  e;Jiausted  through 
toilets  Inter'or  areas  will  be  multi-zoned  with  reheat  coils  where 
required. 

The  cost  of  the  HVAC  system  is  increased  approximately  5  percent 
by  the  built-in  provisions  for  more  economical  future  expansion  such  as 
larger  duct  and  pipe  sizes.  Nevertheless,  the  NGMIi  HVAC  system  costs 
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less  overall  as  a  result  of  the  use  of  incremental  units  at  the  inpatient 
level  (which  were  assumed  because  of  their  greater  flexibility). 

The  analysis  of  the  NGMH  plumbing  system  assumes  standard 
building  requirements  throughout,  but  the  cost  is  substantially  lower  than 
that  of  a  conventional  hospital  plumbing  system.  This  saving  results 
mainly  from  the  central  location  of  the  service  level  and  the  use  of 
perimeter  service  piping  in  the  inpatient  level. 

The  grouping  of  the  functions  performed  at  the  ambulatory  and 
medical/professional  levels  into  two  levels  in  the  NGMH  reduces  the 
necessity  for  dense  interior  piping  for  medical  gasses  and  acid.  When 
these  functional  areas  are  widely  dispersed,  as  in  most  conventional 
hospitals,  interior  piping  becomes  quite  dense,  and  costly  because  of  the 
high  labor  input  required  for  installation.  The  perimeter  layout  in  the 
NGMH  also  lends  itself  to  more  economical  expansion. 

The  grouping  of  equipment  at  the  service  level  confines  the  main 
piping  to  one  distinct  area.  Conventional  design  would  locate  certain 
equipment  in  the  basement  and  other  equipment,  such  as  that  found  in 
the  kitchen  area,  elsewhere.  This  increases  the  density  and  hence  the 
cost  of  the  piping. 

The  NGMH  configuration  at  the  inpatient  level  tends  to  keep  service 
piping  at  a  minimum  by  running  it  at  the  perimeter  of  the  building,  thus 
reducing  first  cost  and  permitting  more  economical  expansion.  The 
placement  of  the  toilets  in  the  perimeter  rather  than  the  interior  does 
not  affect  the  first  cost  of  the  system.  This  placement  does,  however, 
keep  the  interior  entirely  clear  of  any  large  lateral  or  vertical  runs  of 
pipe,  providing  much  more  flexibility  to  the  interior  space,  and  thus 
permitting  more  economical  alteration.  Approximately  3  percent  of  the 
first  cost  of  the  NGMH  plumbing  system  is  accounted  for  by  built-in 
provisions  for  future  expansion. 
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Strategic  placement  of  the  elevators  in  the  primary  nodes 
efficiently  serves  a  greater  floor  area  in  the  NGMH  than  would  the  banks 
in  a  conventional  hospital,  reducing  the  square  foot  cost  of  this  system. 

The  slightly  higher  cost  of  the  electrical  system  in  the  NGMH  test 
configuration  is  the  result  of  built-in  provisions  for  future  expansion. 

The  quantified  results  of  the  comparison  between  the  NGMH  test 
configuration  and  the  conventional  hospital  is  shown  in  Table  3.4-11. 

The  costs  of  the  conventional  hospital  are  derived  from  the  data  files  of 
McKee-Berger-Mansueto,  Inc.  and  represent  an  approximate  average  of 
many  civilian  and  military  hospitals  built  throughout  the  U.  S.  since  1968. 
These  basic  data  were  adjusted  for  time  and  location  and  any  unusual 
site  conditions  or  special  requirements.  In  these,  and  subsequent 
comparisons,  hospital  equipment  costs  have  been  asterisked. 
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TABLE  3.4-11 
First  Cost  (T0) 

Comparison  of  Construction  (1):  NGMH  and  Conventional  Hospital 


Building  System 


(Dollars  per  square  foot  -  Present  Value) 

NGMH  Conventional 


Foundation 
Structural  C-) 
Architcetrual 
Roof 

Casework 

Plumbing 

HVAC 

Electrical 

Elevators 

TOTAL 


$  3.00 

$  3.10 

9.15 

7.85 

15. 75 

14.30 

.85 

.  05 

2.00 

1.50 

3.60 

4.35 

7.00 

7. 65 

6.  55 

6.35 

1.10 

1.25 

$49. 00 

$47. 00 

(1)  Does  not  include  hospital  equipment. 

(2)  Assumes  U.S.  Steel  Scheme 

(3)  Includes  cost  of  Exterior  Wall  ($3.0)  and  Interior  Finishes  ($4.0). 
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The  economic  significance  of  the  NGMH  system  design  Is  revealed  when  an 
expansion  of  the  test  configuration  is  assumed  to  occur  and  its  cost  is  compared 
to  the  cost  of  a  similar  expansion  in  the  conventional  hospital. 

For  this  part  of  the  analysis,  an  equal  change  in  demand  at  T  was  assumed 
for  both  the  NGMH  and  the  conventional  hospital.  The  Demand  Model  determined 
the  exact  nature  of  the  expansion  —  what  and  how  much  of  each  area  at  each  level 
would  expand. 

At  To,  the  total  square  feet  of  building  area  in  the  NGMH  system,  because 
of  its  flexibility  and  additional  services,  is  about  10  percent  greater  (500,000 
square  feet)  than  in  the  conventional  hospital  with  the  same  medical  capability 
(450,000  square  feet.)  However,  the  expansion  of  the  conventional  hospital  would 
require,  because  of  its  fixed  design,  an  area  comparable  to  an  entire  new  wing 
(240,000  square  feet).  To  provide  equivalent  services,  the  NGMH  system  would 

require  an  expansion  area  of  only  187,000  square  feet,  a  difference  of  53,000  square  feet. 

Furthermore  as  the  following  table  shows,  the  per  square  foot  expansion 
cost  of  the  NGMH  system  is  only  slightly  more  than  the  T0  square  foot  costs.  In 
contrast,  the  expansion  of  the  conventional  hospital  would  cost  approximately  40 
percent  more  per  square  foot  than  the  Initial  structure. 

Approximately  half  the  difference  between  the  costs  of  the  two  expansions 
is  In  the  mechanical,  electrical  and  elevator  systems;  the  remainder  represents 
alterations  to  the  existing  structure. 

Alterations  to  the  existing  structure  represent  a  substantial  cost  In  con¬ 
ventional  hospital  expansions  In  addition  to  the  disruptions  caused  to  services. 

Ih  Tables  3. 4-12  and  3. 4-13  these  costs  arc  prorated  over  the  area  of  expansion. 
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TABLE  3.4-12 
Expansion  Cost  (Tj0) 

Comparison  of  Construction^1*  NGMH  and  Conventional  Hospital 
(Dollars  per  square  foot  -  Present  Value) 


Building  System 

NGMH 

(187,000  S/F) 

Conventional 
(240,000  S/F) 

Foundation 

$  3.00 

$  3.85 

Structural  ^ 

8.  75 

8  35 

Architectural 

17.70 

17.75 

Roof 

1.40 

1.10 

Casework 

2.40 

1.75 

Plumbing 

2. 67 

5.05 

HVAC 

5.27 

8.25 

Electrical 

5.47 

7.60 

Elevators 

1.00 

2.15 

Alteration  Adjustment  W 

3.81 

10.07 

'TOTAL 

$51.47 

$65.92 

(1)  Docs  not  include  Hospital  equipment. 

(2)  Assumes  U.S.  Steel  Scheme. 

(3)  includes  cost  of  Exterior  Wall  ($3.0)  and  interior  Finishes  ($4.0). 

(4)  Alteration  to  existing  structure  prorated  over  expansion  area. 
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TABU:  3.4-13 


Alteration  of  Tn  Structure  at  Tin 
(Costs  per  square  foot) 


Building  System 

NGMH 

Conventional 

Architectural 

$24. 38 

$21.89 

Structural 

- 

5.19 

Plumbing 

3.11 

G.  23 

HVAC 

15.15 

21.48 

Electrical 

15. 67 

19.09 

$58.31 

$73. 

Area  affected: 

25,357  square  feet 

68,070  square  feet 

To  provide  an  effective  measure  of  the  cost  feasibility  of  the  NGMH  system, 
the  total  of  first  costs  (T0)  and  expansion  costs  (T]0)  of  the  test  configuration  and 
the  conventional  hospital  were  compared.  These  totals  were  derived  by  discounting 
first  costs  at  a  rate  of  10  percent  per  annum  for  the  cost  of  money;  inflating 
expansion  costs  at  a  rate  of  12  percent  for  1970  and  1971,  8  percent  for  1972  and 
1973,  and  6  percent  for  1974  to  1980.  The  first  cost  and  the  expansion  cost  were 
weighted  by  the  square  feet  area  involved  and  this  sum  discounted  back  to  Tq. 

The  analysis  indicates  that  a  real  savings  of  $2. 12  per  square  foot  would 
accrue  from  the  use  of  NGMH  system  if  the  assumed  36  percent  expansion  occurred 
atTio. 

Further  analysis  shows  that  if  the  same  expansion  occurred  at  any  point 
between  To  and  T20»  the  total  costs  of  the  NGMH  system  design  would  be  less  than 
the  total  costs  of  the  conventional  hospital.  Significant  variations  In  the  assumed 
discount  and  inflation  rates  do  not  alter  this  conclusion.  (Table  3.4-14) 
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COMPARISON  OF  CONSTRUCTION  COSTS 


I 

I 

I 

( 

» 

I 

I 

I 


3.4-76 


SUMMARY  OF  BASK  "X”  CONFIGURATION  COST  EVALUATION 

The  analysis  indicates  that  the  initial  construction  costs  of  the  NGMii 
system  design  will,  in  most  instances,  be  the  same  or  only  slightly  higher 
than  the  initial  construction  costs  of  conventional  hospital  design.  The  expan¬ 
sion  (alteration  and  addition)  costs  of  conventional  hospitals,  however,  will  be 
substantially  higher  than  the  expansion  costs  of  the  NGMII.  In  fact,  the  difference 
Is  so  significant  tint,  if  expansion  does  occur,  the  total  construction  cost  of 
the  NGMH  system  design  will  be  lower  than  the  total  construction  cost  of  con¬ 
ventional  hospital  design. 

These  comparisons  arc  shown  in  Figure  3.4-40 

••Total  construction  cost"  means  the  weighted  sum  of  first  costs  and  ex¬ 
pansion  costs  adjusted  for  the  cost  of  money  and  Inflation. 

(1)  We  sting  house  has  demonstrated  that  the  design  logic  Is  capable 
of  generating  configurations  for  Base  "X"  which  meet  the  Demand 
Model  performance  requirements  of  growth  and  change  over  the 
life  cycle  selected,  as  shown  in  the  T0  —  Tjg  figures.  These 
configurations  have  further  capabilities  to  grow  and  change,  pro¬ 
longing  their  useful  life,  as  shown  in  the  Tjj  figures. 

(2)  These  configurations  were  generated  using  current  DoD  design 
criteria  for  all  functional  elements;  they  only  slightly  exceed  current 
criteria  in  the  major  circulation  areas.  This  enlarged  circulation 
capability  Is  essential  to  the  design  logic  and  is  absoitoed  during  the 
growth  of  the  facility,  hi  fact,  the  expansion  steps  would  require 
less  space  than  normally  needed  lor  conventional  design. 

(3)  Wcstinghousc  demonstrated  that  the  estimated  construction  cost  of  a 
facility  resulting  from  the  use  of  this  design  approach  is  competitive 
for  first  cost  analysis  with  a  conventionally  designed  facility;  further¬ 
more,  this  difference  in  first  cost  is  more  than  justified  by  lessened 
future  cost  in  response  to  change  ami  growth. 
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Dollars/ Square  Foot 


First  Cost 

<v 


Expansion  Cost 
,Tio> 


Total  Cost 


Fiq  3  4-45  -Comparison  of  construction  costs  NGMH  and  conventional 
F  9‘  hospital  ( dollars/ SF  -  present  value) 


NGMH 


Conventional 


(4)  Finally,  the  design  logic  can  accept  all  the  operational  Improvement 
contenders  Into  Its  overall  organizational  framework.  R  Is,  there¬ 
fore,  a  valid  test  vehicle  to  assess  the  real  Impact  of  these  alternatives. 

IMPROVEMENT  ALTERNATIVES  (Tabic  3. 4-15) 

A  number  of  operational  recommendations  can  now  be  evaluated  against 
the  specific  needs  of  Base  "X"  to  calculate  their  contributions  to  more  efficient 
and  effective  performance.  These  recommendations,  which  will  result  In  less 
space  and/or  personnel  in  some  cases,  have  the  following  estimated  effects: 

Dietary 

A  combination  of  convenience  foods  and  abbreviated  kitchens  will  be  sub¬ 
stituted  for  the  conventional  dietary  system  In  the  Base  "X"  current  design. 

Base  "X"  savings  for  this  alternative  arc  difficult  to  compute  precisely  because 
major  population  changes  will  occur  10  to  15  years  after  Its  initial  opening.  How¬ 
ever,  they  can  be  estimated  as  follows: 

•  Approximately  3, 500  square  feet  less  space  wlil  be  required  for  the 
dietary  function  at  T0  and  0,000  square  feet  less  at  T10/T15.  This 
represents  a  reduced  Investment  of  about  $120,000  and  $180,000 
respectively. 

•  Approximately  six  fewer  dietary  personnel  will  be  required  at  Tq 
compared  with  a  conventional  system  and  approximately  nine  less 
at  T10/T15. 

•  Approximately  $8,000,000  savings  will  be  realized  In  total  life  cycle 
costs  over  25  years,  assuming  stated  inflation  and  cost  of  money. 

•  The  cw»t  per  inpatient-bed-day  will  be  lowered  approximately  $2.72 
for  all  levels  of  patient  dependency. 

Materiel  Handling 

A  manual  exchange  cart  system  will  be  instituted  for  the  delivery  of  all 
supplies  and  linens.  The  use  of  automatic  dumbwaiters  arc  not  justified,  since 
the  convenience  food  option  will  be  used  t.  -juidle  the  dietary  load  and  resulting 
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load  peaks,  and  no  savings  arc  expected  for  the  supply  side  of  materiel 
handling. 

However,  a  pneumatic  waste  «lisi>osul  system  will  be  initially  installed  in 
Base  MX”,eren  though  this  will  slightly  increase  o|>crating  costs  per  year  by 
approximately  $8,000  per  year,  or  0  percent  for  this  function,  which  will  be  more 
than  balanced  by  re  luctions  of  approximately  15  percent  in  the  materiel  handling 
personnel.  An  increasing  use  of  disposables  for  dietary  utensils  and  linens 
of  all  types  are  anticipated  although  present  day  costs  do  not  justify  their  usage. 

Use  of  disposables  will  also  contribute  to  lowering  system  sensitivity  to  escala¬ 
tion  in  the  cost  of  labor  and  increased  scarcity  of  labor.  This  alternative  can  be 
conveniently  accommodated  in  the  secondary  nodes,  but  only  during  initial  con¬ 
struction;  it  will  not  require  increased  space  in  the  facility  design. 

Data  Management  and  Communications  Systems 

An  automated  communications  and  data  management  system,  as  manufactured 
by  National  Data  Communications  (REACH  System),  will  initially  be  installed  in 
Base  "X".  While  this  system  will  not  produce  as  much  savings  In  the  early  years 
of  operation  as  the  IBM  MSP  system,  !t  can  be  upgraded  to  assume  more  data 
management  and  communications  functions  than  the  IBM  system.  Therefore,  as 
the  hardware  and  software  developments  are  achieved  and  added  to  the  REACH 
system,  the  initial  advantage  for  the  IBM  system  will  disappear. 

The  introduction  of  this  system  into  Base  "X’  will  result  In  a  life  cycle 
cost  savings  of  approximately  $4,050,000,  with  a  potential  for  greater  economics 
as  Improvements  are  added  to  the  system,  bi  addition,  If  some  of  the  subjective 
items  —  for  which  specific  economics  could  not  be  estimated  —  also  contribute 
to  cost  savings,  this  will  increase  its  impact.  It  is  estimated  that  this  alterna¬ 
tive  will  save  approximately  $2.18,000  in  the  first  year  of  operation  In  the  inpatient 
area  and  $3G,ooO  In  the  outpatient  area,  and  reduce  the  space  required  for  filing 
and  record  storage  by  approximately  9,000  square  feet. 


Ward  Management 

If  staff  is  assigned  to  Base  "X"  by  the  staff  estimating  process  recommended 
in  the  analysis,  it  will  result  in  approximately  10  fewer  ward  management 
personnel  at  To»  and  approximately  13  fewer  at  Tjo/Tig  than  with  the  current 
method.  The  estimated  life  cycle  cost  savings  resulting  from  this  change  is 
$1,000,000  with  approximately  $170,000  saved  in  the  first  full  year  of  operation. 

Studies  also  indicate  that  leveling  the  ward  workload  by  changing  some  of 
the  traditional  work  assignments  and  interacting  more  successfully  with  ancil¬ 
lary  services  and  outpatient  clinics,  could  further  reduce  staff  by  approximately 
10  at  T0  and  14  at  Tio/T^.  This  would  produce  a  life  cycle  cost  saving  of 
approximately  $1,000,000  with  savings  of  approximately  $72,000  in  the  first 
year  of  operations.  This  Improvement  will  also  probably  result  in  some  small 
reduction  in  facilities  although  its  impact  has  not  been  estimated. 

Dentistry 

Assuming  that  approximately  470,000  dental  procedures  per  year  arc  per¬ 
formed  at  Base  "X"  at  T0  and  600,000  per  year  at  Ti0/Tj5,  the  introduction  of 
the  recommended  operational  alternatives  will  yield  a  life  cycle  cost  saving  of 
approximately  $9,400,000  and  result  in  a  saving  of  approximately  $670,000  in 
the  first  year  of  operation. 

Radiology 

Assuming  that  the  Base  "X"  radiology  workload  Is  approximately  230  pro¬ 
cedures  per  day  at  T0  and  that  the  workload  triples  over  the  full  life  cycle  of 
the  analysis,  Wcstlnghousc  estimates  that  the  approximate  life  cycle  savings 
to  be  gained  by  introducing  a  two-corridor  layout  is  approximately  $1, 100,000 
with  expected  economics  in  the  first  year  of  operation  of  approximately  $73,000. 
The  productivity  increase  will  allow  the  spruce  criteria  for  this  operation  to  be 
lowered  and  effect  a  saving  of  approximately  2,000  square  feet  at  Tp.  Another 
area  of  cost  savings  is  in  the  reduction  of  two  operating  rooms  at  T0  and  at 
least  another  $120,000  savings  in  first  cost  from  installing  two  generators 
serving  multiple  X-ray  machines  Instead  of  one  for  each  machine. 
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Pfiarmacv 


There  are  two  basic  recommendations  in  ti  s  area:  (1)  use  of  a  unit  dose 
system  in  the  inpatient  area  ;ind  (2)  automatic  dispensing  for  high-volume  simple 
prescriptions  in  the  outpatient  department.  For  Base  "X”  unit  dose  system 
should  resuit  in  a  iife  eycie  saving  of  approximately  $950,000  and  the  automatic 
dispensing  approximately  $75,000.  Both  of  those  alternatives  will  result  in  a 
total  of  $75,300  savings  in  the  first  full  year  of  operation  as  well  as  some  de¬ 
crease  of  space  for  the  pharmacy  function  although  the  amount  has  not  been 
calculated. 

Clinical  laboratories 

Westinghouse  recommends  that  the  clinical  laboratory  be  increasingly 
automated  and  specific  machine /manual  replacement  charts  be  developed  for 
specific  volumes  of  laboratory  tests  by  department.  For  Base  "X"  approxi¬ 
mately  $000,000  can  be  saved  over  the  life  eyele  of  the  system  by  using  this 
approach,  approximately  $34,000  in  the  first  year  of  operation.  The  increased 
use  of  automat'd  equipment  will  also  require  smaller  laboratory  space  and  at 
To  this  reduction  will  be  approximately  2,500  square  feet. 

Education  and  Training 

An  improved  O.  J.T.  program  is  recommended  for  Base  "X"  based  on  a 
dial  access  system  with  many  dispersed  access  points  which  use  a  central  data 
base  and  displaying  programs  on  a  television  screen.  This  alternative  will 
produce  life  cycle  savings  of  $950,000,  including  about  $64,000  in  the  first  year 
of  operation.  This  alternative  will  not  affect  overall  facility  size. 

Outpatient  Clinics 

Westinghouse  recommends  several  improvement  alternatives  for  these 
areas:  multiple  use  of  facilities,  extended  hours  of  operation,  increased  numbers 
of  examination  rooms  for  some  physicians,  and  the  treatment  of  a  large  percent 
of  surgical  procedures  on  an  out-patient  basis. 

Base  "X"  life  eyele  savings  resulting  from  these  alternatives  will  be  approxi¬ 
mately  $1,650,000  with  savings  of  approximately  $98,000  in  the  first  year  of 
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operation.  These  alternatives  will  also  require  less  space  for  the  same  out¬ 
patient  capacity,  reducing  space  by  approximately  10,000  square  feet  at  Tq. 

TABLE  3.4-15 

Summary  of  Improvement  Alternative  Cost  Savings 


Operational  Alternative 

Estimated  Life 
Cycle  Savings 
($) 

Estimated  1st 
Year  Operating 
Cost  Savings  or 
Losses  ($) 

Estimated  Tq 
space  reduction 
square  feet 

Dietary 

-8,000,000 

-455,000 

3,500 

Materiel  Handling 

+  100,000 

+  8,000 

- 

Data  Management  and  Communi¬ 
cations 

-4,650,000 

-238,000 

9,000 

Ward  Management 

-2,000,000 

-142,000 

*2,000 

Dentistry 

-9,400,000 

-670,000 

*2,000 

Radiology 

-1,000,000 

-  73,000 

2,000 

Pharmacy 

-  950, 000 

-  75,000 

*1,000 

Clinical  Laboratories 

-  600, 000 

-  34,000 

2,500 

Education  &  Training 

-  950, 000 

-  64,000 

- 

Outpatient  Clinics 

-1.650.000 

-  98,000 

10,000 

TOTALS 

$28,300,000 

$1,841,000 

23, 000  square  feet 

♦Preliminary  estimate 


We  have  estimated  that  the  operating  cost  for  the  first  full  year  at  Base  "X" 
will  be  $10,560,000  if  conventional  staffing  and  operational  procedures  were  used. 
The  following  shows  the  breakdown  of  the  operating  budget  for  three  major  cate¬ 


gories  for  present  criteria  and  decrease 
Present  Criteria 

•  $5,580,000  inpatient  activities 

•  $3,720,000  outpatient  activities 

•  $1 , 360, 000  dentistry 


with  Base  "X"  recommendations. 

Base  "X'  Recommendations 
$  991,000 
$  180,000 
$  670, 000 
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The  total  savings  shown  can  be  subdivided  as  follows  —  inpatient  activities 
$391,000;  outpatient  activities,  $180,000;  and  dentistry,  $070,000. 

The  improvements  also  resulted  in  a  decrease  in  the  overall  size  of  the 
facility  required  at  To  for  Base  "X"  by  approximately  32,000  square  feet  with 
a  reduced  construction  cost  of  approximately  $1,050,000.  All  the  space  saving 
is  gained  inside  functional  elements  of  the  system.  As  a  result,  the  total 
facility  size  is  reduced  to  less  than  5  percent  more  space  than  would  be  built 
using  current  criteria  and  design  methods  for  the  same  demand,  while  still 
retaining  all  the  flexibility  and  circulation  of  the  new  design  logic.  This  makes 
the  economic  justifications  relating  to  construction  cost  even  more  attractive. 

The  life  cycle  cost  savings  were  difficult  to  compute  accurately  for  the 
Base  "X"  example  because  of  the  major  size  increase  to  be  accommodated  at 
Tio  and  T15  for  the  two  population  examples.  Some  improvement  alternatives 
will  become  more  effective  as  the  scale  of  the  facility  increases;  particularly 
for  the  data  management  and  communications  alternative,  technology  and  program 
mlng  changes  will  increase  the  expected  savings. 


ADDITIONAL  PLANNING/DESIGN  CONSIDERATIONS 

The  application  of  the  Wcstinghouse  study  outputs  to  planning  and  design 
of  Base  "X"  has  illustrated  both  the  processes  and  Interrelationships  involved 
for  each  major  area  of  the  study.  The  application  has  been  limited  to  those 
study  outputs  which  arc  fully  justifiable  at  this  time,  within  the  limits  of  the 
data  available  for  analysis. 

Two  other  major  issues  relating  to  the  planning  and  design  of  inpatient 
areas  have  potential  application  in  Base  "X"  as  a  prototype  facility  for  the  next 
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generation  of  military  health  care  facilities.  These  two  issues  involve: 

(1)  Assigning  the  number  of  inpatients  to  a  ward  based  on  their 
level  of  dependency. 

(2)  A  more  sophisticated  method  of  proceeding  from  a  demand 
statement  of  average  daily  patient  load  to  gross  numbers  of 
beds  to  be  constructed. 

Although  Westinghouse  has  not  been  able  to  completely  analyze  their  effect, 
the  design  logic  developed  in  this  study  has  demonstrated  its  ability  to  respond 
to  these  approaches. 

Differential  Patient  Occupancy  by  Ward 

After  analyzing  the  patient  care  requirements  for  each  level  of  dependency 
with  the  associated  staff,  space,  and  environmental  needs,  Westinghouse  has 
concluded  that  inpatient  density  may  vary  from  48  patients  to  a  light  care  ward, 
34  patients  to  a  moderate  eare  ward,  and  16  patients  to  an  acute  or  heavy  ward, 
assuming  that  these  wards  are  designed  as  shown  in  the  design  logic.  The 
major  determinants  of  quality  of  care  are  level  of  staffing  and  environmental 
standards.  The  professional  corridor  has  a  movable  inner  wall  for  each 
patient  module;  the  peripheral  locations  of  utilities  and  support  sub-systems  in 
the  design  permit  these  patient  densities  to  be  attained. 

In  the  Tq  configuration  for  Base  "X”  the  inpatient  area  excluding  O.  B. 
nursing  unit  and  the  ICU/CCU  unit  has  fifteen  34-bed  nursing  units  comprising  a 
total  of  510  beds.  Assigning  patients  to  wards  by  dependency  levels  as  shown 
above  for  predicted  Base  "X"  patient  mix  would  require  two  16-bed  nursing 
units  for  acute  eare;  seven  34-bed  nursing  units  for  moderate  eare;  and  five 
48-bed  nursing  units  for  light  eare.  Without  having  lowered  the  nominal 
capability  of  the  inpatient  area,  this  would  result  in  a  saving  of  one  nursing 
unit  of  approximately  11,500  square  feet  and  a  first  cost  saving  of  approxi¬ 
mately  $450, 000. 
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New  Approach  to  Allocation  of  Total  Beds 


The  t r:i«iition:ii  method  for  allocating  the  total  l>eds  to  he  constructed  Is 
to  divide  the  estimated  or  predicted  demand  (stated  in  terms  of  average  daily 
census)  by  an  occupancy  rate  of  so  percent.  Since  this  approach  is  intended  to 
account  for  the  variation  between  average  and  peak  demands,  it  generally  leads 
to  the  construction  of  more  capacity  than  is  required. 

The  Westinghouse  approach  assumes  that  the  dynamics  of  patient  entry 
and  flow  through  a  BLIiC  System  can  be  descri1>cd  in  a  valid  mathematical 
form  (See  pages  .'1. 1  -."I  to  r>7).  Briefly,  the  beds  required  at  any  average 
census  are  arranged  by  level  of  care  against  a  listing  of  the  probability  with 
which  this  number  of  beds  could  always  accommodate  the  demand.  The  health 
care  planner  can  then  select  a  level  of  certainty  related  to  level  of  care  and 
evaluate  the  implications  of  building  the  facility  only  to  this  capacity. 

Assuming  a  reasonable  percentage  of  light  and  moderate  care  patients 
can  be  reschedu’ed,  and  if  the  facility  is  designed  so  that  staff  and  patient 
densities  can  be  revised  easily  to  accommodate  short-term  overdemand,  a 
nominally  smaller  facility  should  be  able  to  perform  at  a  consistently  higher 
utilization  rate  and,  in  effect,  have  the  same  throughput  as  a  larger  facility. 

The  results  of  applying  this  approach  to  Base  "X"  are: 


Demand  Model  average  daily  census  by  levels  of  care  at  TQ  are: 


ICU/CCU 
Heavy  Care 
Moderate  Care 
Light  Care 
Total 


4. 30 
33.  94 
194.77 
221.24 


=  454.31 

Nominal  beds  using  0.8  occupancy  factor  =  570 
Alternate  beds  based  on  probability  functions 
ICU/CCU  =  12  (at  99.947c  Certainty) 

Heavy  Care  =  53  (at  99.877  Ceuainty) 
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Moderate  Care 

21«  (at  D3.737  Certainty) 

Light  Care 

232  (at  77.757  Certainty) 

Total 

513 

•  This  would  result  in  the  provision  of  (>0  less  l>eds  or  two  less  nursing 

units  (Pages  3.4-13  *■  14  show  computer  output  for  full  array  of  hods  and 

certainty  levels  for  Base  "X"). 

At  Tj5  (for  Kxample  1) 

The  same  approach  would  lead  to  a  provision  of  100  less  beds  or  a  Mttle 
more  than  three  less  nursing  units. 

There  are  considerable  construction  cost  savings  to  be  gained  if  either 
or  both  of  these  approaches  arc  adopted  for  general  use.  Neither  approach 
has  been  included  in  the  cost  savings  for  Rase  "X”  since  both  need  further 
refinement  before  they  are  generally  applied.  However,  there  is  sufficient 
time  available  prior  to  construction  of  the  Phase  II  facility,  referred  to  in  the 
RFQ  as  a  "prototype”,  to  resolve  these  issues. 

Policy  Decisions 

•  Admissions.  The  Westinghousc  Demand  Model  is  intended  to  provide 
the  service  health  care  planners  with  a  comprehensHe  statement  of 
potential  demand  from  the  entire  beneficiary  population  of  a  specific 
BLHC  System.  Policy  decisions  which  limit  the  planner/designer 
team  from  providing  this  capability  will  result  in  the  unmet  demand 
being  accommodated  in  other  health  care  systems  at  higher  cost. 

These  costs  are  directly  absorbed  by  the  DoD  in  many  instances  and 
should  be  related  to  the  BLHC  System. 

Using  the  "Fraction  Served"  Demaiti  Model  input,  the  new  demand 
related  to  such  policies  and  the  differential  in  the  unmet  demand  can 
be  generated.  This  was  done  for  Base  "X"  and  the  facility'  size 
recomputed  to  match  this  requirement  configuration.  Data  is  included 
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in  tin*  Svsti-'iis  I ><*sigii  section  to  ilinst rato  the  differential.  (Shown  on 
l>gs.  3.  .i.'t).  ’Hie  other  major  disadvantage  associated  with 

planning  tor  loss  |>otontial  demand,  is  that  systems  which  attempt  to 
cope  with  nvcrsatnratinn  conditions  inevitai>iv  become  ineffective  as 
the  management  and  scheduling  systems  are  strained  and  circumvented, 

I  nmet  demands,  therefore,  should  he  treated  as  a  penalty  to  the 
Itl.lir  System. 

•  Dischargees.  'Hie  Demand  Model  is  based  on  data  from  witldn  the  1M/IC 
System  of  the  DoD  and.  to  a  much  greater  degree,  on  data  obtained  from 
the  prlmarv  and  secondary  study  hospitals.  One  of  the  factors  evidenced 
at  many  BLIIC  Systems  was  long  lengths  of  stay  in  light  care  by  recruits 
and  active  duty  military.  Indicating  that  "well”  people  are  being  retained 
in  the  health  care  system  for  basically  administrative  reasons  rather 
than  l>eing  discharged  and  treated  on  an  outpatient  basis.  (Their  numbers 
are  generally  large  by  comparison  to  the  BLIIC  System  but  minufi6ul6 
by  comparison  to  the  base  population),  deductions  in  facility  size 
have  been  calculated  for  reasonable  reductions  In  the  length  of  stay 
in  light  care  and  for  reductions  to  a  level  comparable  to  that  observed 
in  civilian  systems  for  the  savings  in  both  first  and  operating  costs. 

J £  nandc  Planning  Prog  rum 

Wcstlnghouse  has  developed  a  proprietary  planning  tool,  based  on  dynamic 
programming,  which  is  capable  of  integrating  all  the  performance  and  cost 
statements  of  planning,  design  configuration,  and  operations  related  to  BLIIC 
Systems,  and  generating  expected  total  life  cycle  costs  from  the  selection  of 
any  number  of  overall  strategies  adopted  by  the  planner/designer  team.  This 
program  is  also  capable  of  portraying  the  "penalty”  costs  which  should  be 
associated  with  unmet  demand;  the  uncertainty'  associated  with  predictions  of 
demand;  the  effects  of  alternative  admissions  and  discharge  policies;  nev 
approaches  to  patient  density  and  gross  size  of  facility;  the  impact  of  delays 
in  construction  of  new  capability,  changing  economies  for  construction  and 
operations,  and  budget  constraints  on  construction.  The  program  output  is 

given  in  present  value  dollar  life  cycle  costs, 
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The  success  of  a  tool  as  complex  as  this  is  related  to  the  adequacy  and 
accuracy  of  the  data  base.  The  NGMii  study  has  provided  an  excellent 
opportunity  for  obtaining  data  relating  to  operating  :mu  "penalty"  costs. 

(These  data,  however,  require  further  refinement,  particularly  the  portrayal 
of  operating  cost  characteristics  of  the  system  operating  at  satuation  or  over 
capacity.)  Westim 'house  believes  this  methodology  to  l>c  valid  and  l>clicvcs 
that  this  type  of  strategy  analysis  should  be  applied  in  the  military.  (The 
dynamic  planning  algorithm  is  detailed  in  Appendix  3.4-2.) 

The  following  data  base  was  generated  for  Base  "X": 
a.  Acquisition  and  Modification  Costs.  A  matrix  with  several  thousand 
design  configuration  options  was  generated,  describing  the  space 
and  costs  which  would  be  incurred  u^ing  the  newly  developed  design 
logic  and  current  criteria  for  each  functional  element. 

Each  configuration  option  was  stated  in  terms  of  medical  care 
capacity  for  each  major  element  of  the  system,  i.e.,  408  inpatient 
area  beds  in  four  blocks  of  three  story’  inpatient  units  with  a  nominal 
total  of  overall  density’  of  34  beds;  percentage  of  light,  moderate  and 
heavy  care  patients  being  accommodated;  number  of  surgery  suites; 
size  of  related  nursery  and  delivery  facility;  number  of  ICU  and  CCU 
beds;  size  of  service  level  floor;  number  of  total  outpatient  visits 
and  visits  to  specific  clinics;  number  and  capacity  of  X-ray  rooms; 
and  size  and  capacity  of  clinical  labs,  etc.  For  each  alternative 
an  evaluation  notation  was  developed  to  determine  if  that  alternative 
was  possible  to  arrive  at  from  any  other  configuration  and,  if  so, 
the  cost  involved  in  doing  so. 

With  this  massive  data  base  configurations  which  natch  the  health 
care  needs  of  any  system  at  any  time  against  certain  criteria  of 
throughput  and  utilization  can  be  selected  rapidly.  Each  clement  of 
cost  notations  can  be  quickly  varied  to  reflect  local  cos*  variations 
and  different  constriction  technologies.  Major  sub-systems  and 
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medical  equipment  are  treated  as  separate  items  which  apply  to  any 
configuration  alternatives,  such  as  elevator  costs,  central  boiler, 
and  refrigeration  and  electrical  distribution  equipment. 

b.  Operating  Costs.  The  Westingltou.se  data  base  was  developed  to 
provide  the  following  operating  costs  for  a  tvpical  BLUC  System: 

•  Cost/inpatient  tied  day  for  each  level  of  care,  Including  apportioned 
costs  for  administration  and  support  services. 

•  Costs/outpatient  visit,  including  apportioned  costs  for  administration 
and  support  services. 

•  Cost/procedure  in  the  ancillary  services  as  a  charge  to  either 
inpatient  or  outpatient  area. 

•  Operating  costs  for  the  facility;  for  example,  energy  and  main¬ 
tenance. 

c.  "Penalty"  Costs. 

•  Internal  to  the  System .  When  a  facility  is  not  capable  of  meeting 
a  health  care  demand,  the  computer  searches  out  alternative 
patterns  of  use  for  the  same  facility’.  Hie  facility  may  have  more 
beds  at  one  level  of  care  than  are  needed  and  which  could  absorb 
the  overage.  Temporary  overtime  operations  or  Increased  patient 
densities  arc  also  options  which  may  be  used.  Operating  cost 
penalties  are  incurred  for  operating  in  this  mode  and  these  have 
been  estimated. 

e  Kxtemal  to  the  System.  When  all  such  options  have  be^n  exhausted 
and  the  system  cannot  accept  any  additional  load,  the  excess  demand 
for  health  care  must  be  rescheduled  (where  possible)  or  met  in 
some  alternative  system.  In  the  latter  case,  cost  Is  a  true  penalty 
which  the  DoD  must  evaluate,  particularly  when  the  alternative 
systems'  cost  for  equivalent  care  is  considerably  higher  than  in 
the  BL11C  System.  CIIAMPUS  data  have  been  used  to  calculate 
these  penalties. 
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For  Base  "X"  (or  any  other  situation  where  similar  data  can  be  described) 
the  application  of  tnis  tool  was  accomplished  as  follows: 

a.  The  Demand  Model  was  used  to  generate  the  total  potential  health 
care  requirements  of  the  beneficiary  population  at  the  various 
planning  intervals  of  the  life  cycle. 

b.  An  array  of  configuration  options  inherent  in  the  systems  design 
concept  and  wh-ch  spanned  these  requiremenu.  was  selected  from 
the  overall  matrix  using  current  criteria. 

c.  Operating  and  penalty  costs  were  developed  for  each  mode  of 
operation  using  Functional  Cost  and  CIIAMPUS  data  to  reflect  the 
present  system. 

d.  A  set  of  programming  "rules"  were  built  into  the  program  to  reflect 
such  items  as  construction  labor  escalation  rates;  operating  labor 
escalation  rates;  discount  rate  of  money;  and  probability  factors 
relaxing  to  the  correctness  of  prcdictiai  in  demand  over  time. 

e.  The  program  was  then  run  without  any  constraints:  for  example,  if 
the  facility  could  be  built  immediately  a  significant  change  in 
demand  was  observed;  construction  and  operating  decisions  were 
always  based  on  meeting  the  total  potential  demand:  and  there  were 
no  budget  constraints.  This  was  done  for  both  population  examples 
at  Base  "X",  and  the  computer  printouts  indicated  the  "theoretical 
optimum"  construction  and  operating  strategies  to  be  adopted  in 
each  example.  The  optimal  strategy  would  obviously  be  that 
course  of  action  resulting  in  the  least  expected  life  cy  cle  cost. 

f.  The  next  series  of  programming  runs  were  generated  with  constraints 
representing  the  real-life  problems  of  any  major  planning  and 
construction  process,  i.e.,  the  delay  which  occurs  between  the 
planner's  perception  or  prediction  of  altered  needs  and  the  beneficial 
occupancy  of  the  facility  designed  to  accommodate  these  needs. 

DoD  experience  was  used  for  these  factors.  Least  life  cycle  costs 
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generated  with  those  constraints  were  used  to  select  "practical 
optimal"  strategies  which  form  the  basis  for  comparison  of  any 
alternative  programs. 

g.  i'he  major  advantage  of  any  computer-based  strategy  evaluation 
tool  is  its  ability  to  accept  alternatives  and  rapidly  portray  the 
expected  consequences.  For  Rise  "X"  the  following  issues  were 
selected  for  :tnalvsis: 

•  The  effect  of  introducing  the  operational  improvement  alter¬ 
natives  detailed  above,  which  not  only  alter  operating  costs 
but  affect  the  space  criteria  for  functional  elements  and 
supporting  elements  such  as  equipment  rooms.  These  changes 
were  effected  by  a  complex  readjustment  of  spaces  and  costs 
in  the  configuration  matrix  and  by  the  overall  chants  to  the 
Functional  Cost  for  outpatient  visits  and  eoat/lnpatient  bed  day 
by  level  of  care. 

•  The  effects  of  budget  constraints.  The  T^  configuration  at 
Base  "X”  using  current  criteria  was  estimated  to  cost 
approximately  $19  million  to  construct  the  configuration  selected 
as  optimal. 


a)  Current  Criteria  Examples 

Population  1 


Planning  Interval:* 

.  _ .  1 .  IU 

3 

4 

5 

Basic  Example 

$16.75  Million  !  0 

$4.5  Million 

None 

El 

Tighter  Constraints 

$14.9$  Million  1  0 

$3.75  Million 

None 

Population  2 


Planning  Interval  *  l 

3 

4  5 

Basie  Example  j  $16.75  Million 

None 

$2.00  Million  }  0 

Tighter  Constraints  (  $14. 9S  Million 

0 

None 

$1.40  Million  j  0 

♦5  year  intervals  for  each  planning  interval. 
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b)  New  Criteria  (Associated  with  the  operational  Changes 
Recommended)  Kxamplcs 


Population  1 


Planning  Interval:*  1 

2 

3 

.  4 

5 

Basic  Example  j  $10.40  Million  | 

Tighter  Constraints  $10.00  Million 

o  o 

$3. CO  Million 
$2. CO  Million 

$0.S0  Million 
$0.80  Million 

0 

0 

Population  2 


Planning  Interval:*  j 

i  1 

i  sq 

3  1 

4 

5 

Basic  Example 

$10.00  Million 

o 

$3.20  Million 

$1.03  Million 

0 

Delayed  Funds 

$10.00  Million 

0 

$1.05  Million 

$3.20  Million 

0 

Tighter  Constraints 

$15.00  Million  , 

$1.80  Million 

$0.95  Million 

0 

*5  year  Intervals  for  each  planning  interval. 

•  The  effect  of  delays  in  the  planning/conetruction  process. 

•  The  effect  of  using  "current"  admission  policies.  These 


policies  result  in  facilities  which  are  snuillc.  and  less 
costly  initially  but  result  in  large  penalties  for  treatment 
of  the  unmet  demands  in  alternative  systems. 

The  fractions  of  population  served  which  wore  used  to  represent 
current  practice  for  the  inpatient  area  are: 

FRACTION  OF  THE  POPULATION  SERVED 


Recruits 

Active  Duty 

Dependents  of  Aetive  Duty 

Retired  Dep.  of  Ret. 

1.00 

1.00 

0.75 

0.10  0.10 

•  The  effect  of  changes  to  discharge  policies  as  reflected  by 
shortened  lengths  of  stay  in  light  care.  The  Demand  Model 
currently  contains  lengths  of  stay  in  this  category  of  21.2 
days  for  Recruits  and  19. 7  days  for  Active  Duty  Military. 
To  test  sensitivity  these  were  reduced  to  l(i.  2  days  and 
14.7  days,  respectively,  for  the  analyses. 
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•  Tii*  effect  of  \uri;iltlc  patient  density  by  level  of  dependency. 

The  configurations  developed  for  Has*.  "X"  are  bused  cn  an  average 
patient  density  of  31  patients/nursing  unit.  For  Utis  analysis, 

10  patients/heavv  rare  unit;  III  patients/mode  rate  eare  nursing 
unit;  and  -Is  patients/light  eare  nursing  unit  were  used. 

Intensive  eare  and  obstetrics  nursing  units  are  not  included  in 
this  change. 

•  The  effect  of  using  the  probability  distribution  method  instead  of 
a  gross  utilization  factor  for  arriving  at  total  beds  from  average 
daily  census.  In  the  Base  "X"  current  criteria  configurations,  the 
gross  facilitv  size  is  arrived  at  using  an  80  percent  utilization 
factor.  For  this  alternative  the  probability  method  and  levels  of 
certainty  illustrated  in  the  text  for  Planning  were  used. 

The  results  of  these  computer  runs  for  Base  "X"  Population  #1  example 
only  are: 

1>  With  No  Budget  Constraints,  current  criteria  and  present  methods 

of  operation,  and  all  the  potential  demand  being  met  the  least  life  cycle 
cost  is  achieved  by  building  the  facility  with  the  following  capability* 

Ty  -  30  lCU/Acute  care  beds 
20S  Moderate  care  beds 
273  Light  care  beds 
370,000  outpatient  visits  per  year 

T_  -  30  ICU/Acutc  eare  beds 

a 

340  Mode  rate  eare  beds 

300  Light  care  beds 

370,000  outpatient  visits  per  year 
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T  -  30  ICU/Acute  care  beds 

384  Moderate  care  beds 
374  Light  care  beds 
500,000  outpatient  visits  per  year 

T,  -  45  ICU/Acute  care  beds 

15 

452  Moderate  care  beds 
408  Light  care  beds 
500,000  outpatient  visits  per  year 
This  will  result  in  a  total  expected  life  cycle  cost  of  $275  million. 

2)  If  all  the  operational  alternatives  recommended  are  introduced  into 
this  facility,  the  expected  life  cycle  cost  would  be  $246.94  million  or 
a  total  expected  savings  of  $28.04  million.  This  correlates  with  the 
$28.3  million  estimated  in  the  operations  section  above. 

3)  This  figure  was  arrived  at  using  an  average  annual  escalation  rate 
for  construction  of  7  percent.  Life  cycle  costs  are  affected  as  follows 
if  this  is  not  an  adequate  allowance: 

8%  +  $1.06  M 
9%  +  $2.56  M 
10%  +  $3.31  M 
11%  +  $5.31  M 

Larger  increases  will  be  observed  in  the  life  cycle  costs  for  the 
current  criteria  example. 

4)  The  effects  on  expected  life  cycle  costs  and  penalty  costs  for 
increasing  delay  in  the  provision  of  facilities  to  match  the  increased 
demands  beyond  five  years  are  shown  below: 

Increase  in 

Increased  Delay  Increase  in  Life  Cycle  Costs  Penalty  Costs 


($  M) 

($  M) 

1  year 

1.00 

5.6 

2  year 

1.04 

5.75 

3  year 

1.07 

5.92 

4  year 

1.11 

6.12 

Larger  effects  would  be  seen  in  the  current  criteria  example. 
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5)  The  effect  of  budget  constraints  on  the  expected  life  cycle  cost  is 

difficult  to  summarize  because  of  the  complex  interrelationship  between 
delays  and  escalation  rates.  However,  for  the  basic  example  budget 
constraints  applied  to  the  optimal  course  of  action  (such  as  5-year 
planning/construction  cycle  and  assumed  escalation  rates)  the  expected 
life  cycle  cost  would  bo  increased  by  approximately  $1.02  M  in  penalty 
costs  alone.  This  figure  would  increase  for  every  departure  from  the 
best  strategy.  When  tight  budget  constraints  are  imposed,  life  cycle 
cost  is  increased  by  $3.2  million. 

G)  The  effect  of  reducing  the  length  of  stay  in  light  care  to  the  levels 
stated  above  for  recruits  and  active  duty  military  would  be: 

•  Current  Criteria  facility  life  cycle  cost  (optimum  strategy)  $275.00  million 
New  Criteria  facility  life  cycle  cost  $240.94  million 
Reduced  length  of  stay  in  new  criteria  facility  $239.50  million 

The  following  qualitative  conclusions  summarize  the  numerical  results 
of  Dynamic  Planning: 

1.  There  is  considerable  correlation  between  the  actual  life  cycle  cost 
savings  predicted  by  this  method  and  the  savings  estimated  from  the 
parametric  analyses  used  in  the  operational  alternative  section. 

This  correlation  is  even  more  remarkable  when  it  is  considered  that  the 
dynamic  programming  tool  is  not  fully  refined;  the  tool  uses  con¬ 
servative  construction  cost  data:  and  not  all  the  effects  of  varying 
operating  efficiencies  and  costs  can  be  fully  portrayed  in  the  pro- 
gram. 

2.  This  tool  is  valid  for  evaluating  alternative  strategies  and  is 
considerably  more  valuable  than  any  manual  procedure  because  the 
major  concern  in  any  long-range  planning  effort  is  to  establish  the 
relative  order  of  magnitude  of  the  results  of  any  one  course  relative 
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to  any  other,  in  the  shortest  possible  time.  Once  a  data  base  is 
established  and  proven  valid,  the  task  of  inputting  numerous  examples 
is  relatively  simple  and  not  lengthy. 

3.  Some  broad  conclusions  which  were  developed  by  experience  in  other 
sections  of  the  study  have  been  verified: 

•  The  length  of  time  required  to  proeeed  from  planning  start  to 
oeeupancy  of  the  facility  is  a  major  determinant  of  penalty  costs 
and  increased  life  eycle  costs.  The  eurrent  average  time  of 
five  years  used  to  portray  the  present  military  procedure  must 
be  shortened;  the  tools  generated  for  this  study  are  capable  of 
contributing  to  this  end. 

•  The  application  of  budget  constraints  to  construction  costs  are 
usually  a  false  economy  even  under  the  best  of  circumstances  and 
our  assumptions  of  cost  escalation  rates  are  conservative.  When 
current  construction  costs  are  escalating  at  12-15  percent 
annually  (almost  twice  the  rate  used)  the  effects  are  magnified. 

In  addition,  medical  costs  in  civilian  systems  are  escalating 
faster  than  in  the  military.  The  penalty  costs  generated  in  this 
analysis,  therefore,  really  understate  the  problem.  Budget  cuts 
for  construction  inevitably  create  increased  penalties  and,  thus, 
each  aetion  is  reinforcing  an  increased  life  eycle  cost. 

CONCLUSIONS 

The  example  of  a  hypothetical  Base  "X"  has  applied  the  tools  Westinghouse 
has  developed.  The  value  of  this  example  to  DoD  lies  not  so  much  in  cost 
savings  computed  for  a  particular  (if  imaginary)  BLHC  System  as  in  demonstrating 
that  qualitative  and  quantitative  comparisons  of  alternative  policies,  plans, 
designs,  and  subsystems  eanbe  performed  in  advance  of  the  construction  and 
operation  of  a  facility.  Simultaneously,  the  example  shows  that  the  tools  can 
be  applied  to  specific  eases. 
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The  Demand  Model  allows  health  eare  planners  to  break  away  from 
the  mold  of  the  past  in  predicting  patient  care  requirements,  by  relying  on 
projections  of  population.  The  NGMH  design  organizes  the  physical  structure 
of  the  hospital  so  as  to  have  flexibility  in  the  rapidly  changing  ambulatory 
area  while  retaining  low-cost  inpatient  wards,  f  uture  growth  in  demand  is 
accommodated  by  an  orderly  expansion  of  capability  without  disrupting  the 
physical  organization  of  the  BLIIC  System.  'Hie  Dynamic*  Planning  tool 
evaluates  alternative  strategies  of  initial  construction  and  expansion  so  as 
to  minimize  total  expected  life  cycle  costs  even  when  faced  with  uncertainties 
in  projections  of  population,  finally,  the  operational  subsystems  are  each 
evaluated  on  the  basis  of  life  cycle  cost  to  meet  the  predicted  demand. 

This  set  of  tools  is  here  combined  into  a  comprehensive  methodology 
which,  when  applied  to  a  particular  BLHC  System,  will  reduce  the  cost  of 
medical  eare  while  maintaining  or  improving  the  quality  of  care. 
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PKOCKSS1NC.  OF  AIK  FOKCK  TAPES 

<)\  KK\  !i:\V  OF  SYSTEM 

In  response  to  our  request,  the  Air  Force  sent  Westinghouse  six 
reels  of  magnet ie  tape,  each  containing  817,560  records,  Kaeh  record 
contained  the  medical  hisiory  of  every  patient  staying  in  an  Air  Force 
hospital  during  CYG7<-  Kaeh  record  was  unique  except  in  cases  where  the 
patient  had  multiple  diagnoses;  in  this  ease,  the  recox'd  was  duplicated 
except  for  the  diagnosis  information. 

The  aggregating  of  this  data  was  done  using  the  following  population 
attributes; 

1)  The  primary  disease  or  condition  of  the  patient 

2)  The  beneficiary  type  -  i.e.,  the  type  of  patient  receiving 
attention 

3)  Patient's  sex 

4)  Patient's  age  as  grouped  into  an  appropriate  range 

5)  Single  or  multiple  diagnosis 

(!)  Whether  surgery  was  performed  on  the  patient 

In  analyzing  the  Air  Force  data  files,  we  first  produced  a  file  of  all 
patients  treated  at  Air  Force  CONUS  hospitals  (over  316,000  patients). 

This  data  base  was  then  used  to  produce  the  CONUS  Hospital's  report. 

A  data  set  of  selected  Air  Force  hospitals  to  be  used  in  a  more 
detailed  analysis  when  and  if  needed  was  then  created.  The  hospitals 
selected  for  this  data  set  wei’e  March  Composite,  Malcolm  Grow  and 
Wilford  Hall  Air  Force  Hospitals.  This  data  base,  which  will  be  called  the 
three-hospital  file,  contains  approximately  39,000  records. 

During  the  creation  of  these  data  files  and  the  subsequent  processing 
needed  to  produce  the  desired  reports,  some  difficulties  were  encountered  in 
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handling  the  open-endness  of  the  patients'  length  of  stay.  It  was  decided 
that  100  days  would  he  the  longest  length  of  stay  used  in  the  computations; 
since  few  patients  stay  that  long,  and  because  of  limited  core  size.  Any 
patient  who  remained  in  the  hospital  for  more  than  100  days  was  counted 
as  present  for  exactly  100  days. 

A  further  problem  developed  in  testing  the  file  structures.  The  data 
base  was  much  too  large  to  be  easily  handled  by  a  single  data  analysis 
program.  Therefore,  a  hospital  analysis  system  was  implemented  with  a 
series  of  rather  minor  programs  designed  to  aggregate  and  massage  the 
data  in.o  report  form. 

While  this  method  is  somewhat  more  complicated  operationally  than  a 
single  program  system,  it  docs  allow  for  easier  program  testing  at  each 
process  step.  The  multi-phase  approach  also  allows  for  a  stepwise  pro¬ 
gression  through  the  analysis. 

For  the  CONUS  file  and  for  each  hospital  on  the  three  hospital  files, 
the  implementation  of  this  multi-phase  system  produced  the  following 
reports: 

1)  A  report  by  beneficiary  type  and  primary  diagnosis. 

2)  A  report  by  beneficiary'  type  but  independent  of  primary 
diagnosis. 

3)  A  report  by  primary  diagnosis  and  independent  of  beneficiary 
type. 

4)  An  aggregation  of  all  patients  on  the  file. 

In  each  of  the  above,  data  was  stratified  by  age,  whether  the  patient  had 
a  single  or  multiple  diagnosis,  or  whether  surgery  was  performed. 

IMPLEMENTING  A  MULTI -PHASE  SYSTEM 

PHASE  1 

After  receiving  the  six  reels  of  Air  Force  tapes,  the  first  efforts 
were  directed  toward  reducing  the  number  of  reels  and  making  the  data 


tiU'  resident  on  the  Itr.o  system.  A  COBOL  tape  copy  program  was  written 
to  cop\  the  data  to  two  reels  of  OS  3(50  compatible  tape. 

I’ll  ASK  It 

lhe  two  tape  reels  produced  in  Phase  1  wore  used  as  input.  This 
program  created  both  the  CONUS  hospital  file  and  the  three  hospital  file. 
The  CONUS  data  set  when  created  contained  approximately  35,000  records 
which  was  an  aggregation  of  over  310,000  patients.  The  three  hospital 
files  when  created  had  approximately  30,000  records.  There  was  one 
record  for  each  patient  treated  in  the  selected  hospitals.  March  AFB 
had  approximately  7,000  records  on  the  file;  Andrews,  10,500;  and 
Lackland,  21,500. 

PHASE  3 

The  input  to  this  phase  o*'  the  project  was  the  CONUS  file  created 
in  Phase  2.  The  program  generated  the  CONUS  reports  for  beneficiary 
type  and  disease  category  and  also  produced  a  tape  which  totals  the 
beneficiary  type  and  disease  category  to  make  possible  the  aggregate 
reports. 

PHASE  4 

This  program  produced  the  aggregate  n  ports  for  the  CONUS  file 
as  well  as  the  reports  for  the  three  hospital  files. 

PHASE  5 

This  program  adapted  the  data  in  the  three  hospital  files  to  the 
Phase  1  program.  The  program  output  is  a  tape  of  records  which  are 
identical  in  form  to  the  Phase  3  output. 

All  population  attribute  codes  are  listed  below.  This  list  contains 
both  the  internal  representation,  which  is  always  numeric,  and  a  translation 
of  what  the  code  means,  both  generically  and  with  respect  to  the  Air  Force 

coding  scheme.  Also  included  is  the  data  saved  for  report  purposes. 
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a)  March  AFB  CC7-10  =  0558 

b)  Andrews  AFB  CC7-10  =  2151 

c)  Lackland  AFB  CC7-10  =  44G5 


APPENDIX  3.1-2 

AGE-SEX  DISTRIBUTION  OF  BENEFICIARIES  AUTHORIZED  FOR  CARE  IN 

MILITARY  HOSPITALS 


SUMMARY 

Tables  1  to  *1  give  an  approximate  age-sex  distribution  of  beneficiary 
categories.  Figures  for  dependents  were  derived  by  using  CHAMPUS  inpatient 
admission  figures  in  conjunction  with  Household  Interview  Survey  statistics  on 
inpatient  admissions.  Those  for  active  duty  personnel  were  taken  from  the 
1967  AF  Biostatistics  Report.  Those  for  retirees  were  from  OSD  (OM  &  RA). 
ASSUMPTIONS 

1.  The  USAE  Biostatistics  report  for  1967  gives  an  age-sex  breakdown 
of  military  personnel  that  adequately  represents  all  three  services, 

2.  The  hospital  admission  rate  of  the  non-military  beneficiaries  is  the 
same  as  the  hospital  admission  rate  of  the  overall  U.S.  population 
for  each  age-sex  cohort. 

3.  For  each  category  of  non-military  beneficiaries,  the  fraction  oT  total 
hospital  admissions  under  CHAMPUS  within  each  age-sex  cohort  is  a 
constant.  For  example,  if  40  percent  of  the  total  hospital  admissions 
of  dependents  of  active  duty  personnel  occurred  mder  CHAMPUS,  then 
40  percent  of  the  total  hospital  admissions  for  each  age-sex  cohort 
occurred  under  CHAMPUS. 

SOURCES 

1.  USAF  Biostatisties  Report,  1967 

2.  CHAMPUS  12th  Annual  Report,  Calendar  year  1968 

3.  Household  Interview  Survey,  National  Center  for  Health  Statistics, 
Department  of  Health,  Education  and  Welfare,  1967. 

METHOD 

For  the  age  breakdown  of  active  duty  personnel,  Appendix  Table  I  of  the 
USAF  Biostatisties  report  was  used. 

The  age-sex  distribution  of  non-military  benefieiaries  was  derived  as 
follows,  for  each  category  of  non-military  beneficiary: 
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1.  For  each  age-sox  cohort,  the  number  of  hospital  admissions  undor 
CHAMPUS  was  divided  hy  the  admission  rates  of  that  age-sex  cohort 
as  found  la  Table  IS  of  the  H.I.S.  report.  This  result  is  the  number 
of  people  at  risk  who  might  have  used  CHAMPUS,  hy  Assumption  2. 

2.  The  number  of  people  at  risk  in  each  age-sex  cohort  was  summed 
over  the  cohorts  to  find  the  total  number  at  risk. 

:t.  The  fraction  of  the  ixtpuiution  each  age-sex  cohort  makes  up  is  the 
number  at  risk  in  that  cohort  divided  by  the  total  number  at  risk, 
since  the  fraction  in  each  cohort  admitted  under  CHAMPUS  is  a  con¬ 
stant  (Assumption  3). 

The  relevant  tablis  in  the  CHAMPUS  report  are:  Table  14-Distribution 
of  Hospital  Admissions  hy  age  and  patients'  relationship  to  sponsor  for  dependents 
of  active  duty  personnel,  CY  1968  (p.  43);  Table  19-  (same)  for  dependents  of 
retired  or  deceased  personnel  and  for  retired  personnel,  CY  1968  (p.49). 
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TABLE  1 


AGE  DISTRIBUTION  OF  MALE  ACTIVE  DUTY  MILITARY  PERSONNEL  (1) 


Percentage  %/Year 


Age  Span 

in  Span 

in  Span 

17-19 

10 

3. 3 

20-24 

40 

8.0 

25-29 

15 

3.0 

30-34 

15 

3.0 

.'15-39 

in 

2.0 

40-44 

n.o 

0.30 

45-59 

4.4 

0.29 

W  Females  form  a  small  percentage  of  the  armed  forces. 
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TABLE  2 


AGE-SEX  DETRIBUTION  OF  DEPENDENTS  OF  ACTIVE  DUTY  PERSONNEL 

Male  Female 


Arc  Span 

Percentage 
in  Span 

%/Ycar 

In  Span 

Percentage 
In  Span 

'K/Yenr 
In  Span 

0-4 

18.5 

3.7 

12.4 

2.5 

5-9 

7.7 

1.5 

7.2 

1.4 

10-14 

3.1 

0.G2 

13.4 

2.7 

15-15) 

1.0 

0.38 

20.  G 

4.1 

20-24 

♦ 

13.3 

2.7 

25-34 

* 

2.1 

0.21 

35-44 

* 

* 

45  + 

* 

* 

31 

G9 

♦  Small  percentage 
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TABLE  3 

AGE  DISTRIBUTION  OF  M*LE  RETIRED  PERSONNEL*1**  *2>*  *3> 


Age  Span 

Percentage 
in  Span 

%/Yenr 
in  Span 

15-34 

2.1 

.011 

35-44 

19. 5 

1.95 

45-54 

49.5 

4.95 

55-04 

17.8 

1.78 

05-09 

5.  5 

1.1 

70-74 

3.2 

0.04 

75-84  (all) 

2.58 

0.20 

1  Female  retired  personnel  form  a  small  percentage  of  retired 
personnel. 

2 

Source:  OSD,  Manpower  &  Reserve  Affairs. 

3  The  exact  number  of  military  retirees  who  are  VA  beneficiaries  for 
disability  compensation  was  not  available. 


TABLE  4 


AGE-SEX  DISTRIBUTION  OF  DEPENDENTS  OF  RETIRED  AND  DECEASED  PERSONNEL 


Ant>  Span 

0-1 

fl-9 

10-  M 

is-m 

*20-2*1 

25-04 

35-44 

45-54 

55-0*1 

05-00 

70-74 

75-84 

*  Small  percentage 


Male 


Percentage 
In  Span 

%/Yoar 
in  Span 

4.1 

0.82 

0.7 

1.3 

7.7 

1.5 

11. 

3.2 

0.04 

* 

♦ 

* 

* 

* 

♦ 

* 

33 


Female 

Percentage  %/Year 
In  Span  In  Span 


3.9 

0.78 

5.8 

1.2 

6.4 

1.3 

13. 

2.6 

4.1 

0.82 

3.9 

0.39 

11. 

0.11 

10. 

0. 10 

5.2 

0.52 

2.1 

0.42 

1.3 

0.26 

0.6 

67 

0.06 
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APPENDIX  3.1-3 


DISPENSARY  VISITS,  OUTPATIENT  VISITS,  aND  ADMISSIONS 
AT  THE  STUDY  HOSPITALS 

WOMACK  ARMY  HOSPITAL,  FORT  BRAGG,  NORTH  CAROLINA 

CY69 


Beneficiary 

Type 

Population 

Dispensary 

Vi  si ts/Ycar 

Outpatient 

Vi  si ts/Ycar 

Admissions 

/Year 

Trainees 

1 1 ,000 

- 

- 

- 

Active  duty 

51 ,534 

349,503 

240,655 

13, "12 

Dependents 
of  active  duty 

82,466 

- 

288,965 

5,884 

Retired 

6,000 

- 

13,358 

581 

Dependents 
of  ret.  6  dec. 

9,000 

- 

9,750 

838 

Others 

4,236 

. 

3,455 

43 

(1)  DoD  Data  Pack, 

(2)  Physicals  and  immunizations  are  excluded. 

(3)  All  figures  are  for  December  1968  through  November  1969. 

(4)  DA  2789  (Morbidity  Report),  IHRA  and  transfers  in  are  excluded. 

(5)  DD  441  (Outpatient  Report).  Outpatient  visits  determined  by:  Army 
Active  Duty  clinic  visits  (line  2b)  —  dispensary  visits  (line  8b)  +  USAF 
and  Navy  personnel  visits  (line  3b).  Recruits  are  included  in  the 
figures  for  dispensary  visits,  outpatient  visits,  and  admission  of  active 
duty  personnel. 
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OAKLAND  NAVAL  HOSPITAL,  CALIFORNIA 


Hcnef ieiary 

_ Tn*., , 

1 

Popnlat ion 

FYG9 

Dispensary 

Visits/Ycar 

3 

Outpatient 

Visits/Ycar 

4 

Admissions 

/Year 

Trainees 

0 

0 

0 

0 

Active  duty 

79,082 

- 

49,467 

6 , 346 

Dependents 
of  active  duty 

159.360 

- 

98,488 

4,191 

Retired 

39 , 1 25 

- 

31,121 

1,444 

Dependents 
of  ret.  <i  dec. 

86,574 

- 

66,248 

2,095 

Others 

31 ,483 

- 

4,580 

153 

1.  DoD  Data  Pack. 

2.  Reports  from  dispensaries  were  not  available. 

3.  NAVMED  1454  (Medical  Services  Report)  FYC9. 

4.  'CommandinR  Officers  Fact  Book,”  CY68. 
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JACKSONVILLE  NAVAL  HOSPITAL,  FLORIDA 
CY09 


Beneficiary 
_ T>Te 

Population* 

2,3 

Dispensary 

Vi  si ts/Ycar 

2,4 

Outpatient 

Vi  si ts/Ycar 

5 

Admissions 

/Year 

Trainees 

0 

0 

0 

0 

Active  duty 

21,205 

77,288 

27,150 

2,934 

Dependents 
of  active  duty 

88,625 

- 

180,725 

3,412 

Retired 

24,659 

- 

23,634 

746 

Dependents 
of  ret.  f,  dec. 

61,637 

- 

44,875 

1 ,073 

Others 

2,682 

- 

3,211 

317 

1.  DoD  Data  Pack,  updated  during  data  collection. 

2.  Excluding  immunizations  and  physicals. 

3.  Dispensary  visit  figures  for  active  duty  porsonnel  include  visits  at 
U.S.  Naval  Air  Station  (63,818)  and  Mayport  (13,470). 

4.  Including  non-military  beneficiaries  treated  at  Mayport  dispensary 
(dependents  of  active  duty  personnel,  5,864;  retired,  2,516; 
dependents  of  retired  or  deceased  personnel,  5,787,  and  others, 
231). 

5.  The  admission  figures  were  found  by  distributing  total  admissions 
for  CY69  according  to  the  percentages  for  CY68.  Transfers  were 
excluded. 
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ni w I TT  ARMY  HOSPITAL,  PORT  RRLVOIR,  VIRGINIA 


CY69 


Relief  iciary 
JYpo 

1 

Population 

2,4,5 

Dispensary 
\  i si ts/Year 

2,4,5 

Outpatient 

Visits/Year 

3 

Admissions 

/Year 

Trainees 

0 

0 

0 

0 

Active  duty 

35,000 

231,532 

166,336 

2,674 

Dependents 
of  active  duty 

105,000 

- 

277,760 

4,843 

Ret i red 

36,000 

- 

18,438 

658 

Dependents 
of  ret.  fi  dec. 

72,000 

- 

45,908 

1,212 

Others 

6,000 

- 

17,067 

139 

1.  DoD  Data  Pack. 

2.  Excluding  immunizations  and  physicals. 

3.  DA  2789  Morbidity  lteport.  Transfers  and  IRHA  were  excluded. 

The  October  and  December  reports  were  not  available;  figures 
adjusted  to  estimate  12-month  total. 

4.  Visits  at  the  Vint  Hill  Farms  Dispensary  were  estimated  by 
adjusting  the  figures  from  DAHRD  Form  29  for  October  and 
November,  1969,  to  a  12-month  period.  The  estimates  are: 
active  duty  personnel,  24,456;  dependents  of  active  duty  personnel, 
19,020;  retired  personnel,  8,244;  dependents  of  retired  and 
deceased  personnel,  8,856;  at.  others,  192. 

5.  The  figures  for  dispensary  visits  are  taken  from  DAHRD  Form  29, 
which  includes  the  North  Post  Dispensary.  The  figures  fer  active 
duty  visits  estimated  at  the  Vint  Hill  Farms  Dispensary  were 
added  (see  4). 

6.  The  figures  for  outpatient  visits  are  token  from  DD  444  for  January 
to  November,  1969,  adjusted  for  a  12-month  estimate.  Visits  by 
non-military  beneficiaries  at  Vint  Hill  Farms  Dispensary  (see  4) 
were  added  to  the  totals. 
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MALCOLM  GROW  AIR  FORCE  HOSPITAL 
ANDREWS  AIR  FORCE  BASE,  D.C. 

FY09 


Beneficiary 

_ Typo 

Population* 

2,4 

Dispensary 

Visits/Ycar 

2.,  4 

Outpatient 

Visits/Ycar 

Admissions 

/Year 

Trainees 

0 

0 

0 

0 

Active  duty 

20,781 

66 , 504 

94,225 

1,878 

Dependents 
of  active  duty 

51  ,592 

- 

220,423 

4,074 

Retired 

1,974 

- 

16,746 

577 

Dependents 
of  ret.  5  dec. 

3,737 

- 

34,482 

928 

Others 

581 

- 

8,113 

80 

1.  DoD  Data  Pack. 

2.  Excluding  immunization  and  physicals. 

3.  AF235  (Report  of  Patients)  for  FY69.  Transfers  and  IRHA  are  excluded. 

4.  Including  visits  at  Bolling  Air  Force  Base  and  Pentagon  Dispensary, 
derived  by  subtracting  outpatient  visits  to  Malcolm  Grow  Clinic  from 
clinic  visits  in  the  overall  base  report  (AF235,  part  II,  line  22). 
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m  Mil  OKI  NAVAI.  HOST  I TAI  ,  HI  All!  OUT,  SOIIIII  CAROLINA 

<:v60 


Kenet  it  i  iry 

- 

1 

I’opn  1  it  ion 

Dispensary*’'  ° 
Vi  si ts/Vear 

2,5,6, 8 

Out  pat  lent 

Vi sts/ Year 

Admission 

/Year 

Tr.i  i  noos 

ITT  7000 

165.0J2 

- 

1  ,004 

Active  duty 

7,125 

58,061 

28 , 706 

1 ,051 

Dependents 
ot  active  duty 

12,68." 

- 

tr. 

tr. 

oc 

1 ,685 

Ket i red 

500 

- 

5,227 

|n 

Dependents 
of  ret.  fi  dec. 

750 

- 

4,250 

130 

Others 

1,1-6 

- 

1  ,237 

18 

1.  I)ol)  Data  Pack,  updated  during  data  collection  at  Beaufort. 

2.  Immunizations  and  physicals  are  excluded. 

3.  BUMED-414-DAR-7,  excluding  transfers  and  IRHA. 

4.  Visits  to  the  Parris  Island  Dispensary  were  taken  from  NAVMED  1454 
for  the  period  January  1969  to  August  1969,  and  adjusted  to  a  12-month 
total.  The  visits  thus  estimated  are:  recruits,  165,942;  active  duty 
personnel,  28,793;  dependents  of  active  duty  personnel,  941;  retired 
personnel,  51;  dependents  of  retired  or  deceased  personnel,  2; 
others,  594.  Visits  from  the  Marine  Corps  Air  Station  were  estimated 
for  the  same  period  from  NAVMED  1454  at  30,168  visits  by  active  duty 
personnel,  others  0. 

5.  Figures  for  dispensary  visits  by  active  duty  personnel  include  Parris 
Island  (28,793)  and  the  Marine  Corps  Air  Station  (30,168). 

6.  Including  visits  at  the  Parris  Island  Dispensary  by  the  non-military 
beneficiaries  (see  4). 

7.  Of  a  sample  of  102  inpatient  medical  records  of  active  duty  personnel 
at  Beaufort,  52  were  recruits.  51  percent  of  the  2,146  admissions  of 
active  duty  personnel  arc  estimated  to  be  recruits. 

8.  Recruits'  outpatient  visits  arc  included  !n  those  of  active  duty  personnel. 
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WALSON  Alt  MY  HOSPITAL,  FT.  DIX,  NEW  JERSEY 

FYG'J 


Bcncf icinry 

_ Trpp 

Population  * 

Di s pens a ry 
Visits/Year 

Outpatient 

Visits/Year 

Admissions 

/Year 

Trainees 

9,000 

1 

- 

16,525 

Active  duty 

26,000 

252,581 

261,250 

8,275 

Dependents 
of  active  duty 

68,000 

- 

60,065 

4,796 

Retired 

5,000 

- 

6,720 

921 

Dependents 
of  ret.  6  dec. 

2,500 

- 

5,812 

1 ,026 

Others 

4,500 

- 

11,178 

170 

1.  DoD  Data  Pack,  updated  during  data  collection. 

2.  Immunizations  and  physicals  excluded. 

3.  Taken  from  a  random  sampling  of  706  admission  sheets  at  Walson 
Army  Hospital  for  FY69  with  the  distribution  applied  to  total 
admissions  (31,761)  for  that  period. 

4.  Figure  for  dispensary  visits  of  active  duty  personnel  includes  recruits. 

5.  DD  444  for  FY69  these  include  dispensary  visits  and  visits  to  McGuire 
AFB  dispensary  taken  from  AF235  for  FY69.  Included  in  outpatient 
visits  are  dispensary  visits  by  non-military  beneficiaries:  dependents 
of  active  duty  personnel,  3,409;  retired  personnel,  275;  dependents  of 
retired  or  deceased  personnel,  45;  and  others,  2,018. 
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WII.FOltl)  HALL 
LACKLAND 

COMPOSITE  MEDICAL  FACILITY 

AIR  FORCE  BASE,  TEXAS 

FY69 

Beneficiary 

laiy 

„  ,  1 
I’opnlnt  i  on 

2,3,5 

Dispensary 

Visi ts/Year 

2,3,5 

Outpatient 

Vis i ts/Year 

Admission: 

/Year 

I’ra  i  aces 

I 1 ,000 

- 

- 

1 ,982 

Active  duty 

23,479 

122,590 

373,238 

4 , 387 

Dependents 
of  active  duty 

52,341 

- 

364,198 

8,819 

Ret i red 

1 1  ,093 

- 

43,461 

1  ,815 

Dependents 
of  ret.  fi  dec. 

22,085 

- 

54,563 

2,385 

Others 

I  ,877 

- 

95,192 

398 

1.  l)oI)  data  pack,  including  Lackland,  Kelly,  Brooks,  and  Randolph  AFB. 
Recruits  estimated  during  data  collection. 

2.  Exclude  immunizations  and  physicals. 

3.  USAF  Outpatient  Report  RCS-IR  (AF)  M219  for  August  1969,  for 
Lackland,  Kelly,  Brooks,  and  Randolph  AFB.  Recruits  are  included 
with  active  duty  personnel. 

4.  Medical  record  summary  sheets.  Transfers  are  included;  IRHA  excluded. 

5.  Including  dispensary  visits  by  non-military  beneficiaries:  dependents  of 
active  duty  personnel,  105,985;  retired  personnel,  7,542;  dependents  of 
retired  or  deceased  personnel,  10,437,  and  others,  83,538. 
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MARCH  COMPOSITE  MEDICAL  FACILITY 
MARCH  AUt  FORCE  BASE,  CALIFORNIA 

FY(i9 


Beneficiary 

_ Im _ 

Trainees 

Active  duty 

Dependents 
of  active  duty 

Retired 

Dependents 
of  ret.  G  dec. 

Others 


Population  * 


0 

13,023 

21,139 

25,643 

60,685 

4,005 


Di spensary 
Vis i ts/Ycar 

n 

39 , 259 


2 


Outpatient 
Vi  si ts/Ycar 

0 

54,393 
110,213 
21 ,074 
43,587 
736 


Admissions1 

/Year 

0 

2 , 365 
2,406 
675 
1 ,060 
43 


1.  DoD  Data  Pack  for  March  and  Norton  Air  Force  Bases. 

2.  USAF  Outpatient  Report  RCS-IR(AF)-M219  for  August  1969  (full  year 
figures).  Included  in  outpatient  visits  are  dispensary  visits  by 
non-military  beneficiaries:  dependents  of  active  duty  personnel, 
59,166,  retired  personnel,  8,776;  dependents  of  retired  or  deceased 
personnel,  17,314;  and  others,  1,388. 

3.  AF234  for  FY1969  for  March  and  Norton  Air  Force  Base,  excluding 
transfers  and  IRHA. 
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APPENDIX  S.  1-4 


POTENTIAL  ADMISSIONS  FROM  NON-MILITARY  BENEFICIARIES 
SUMMARY 

Admission  rates  for  non-military  beneficiaries  were  derived  using 
statistics  on  hospital  discharges  from  the  Household  Interview  Survey  together 
with  age-sex  breakdowns  of  the  beneficiary  categories.  The  derived  admission 
rates  are  shown  In  Table  1. 

REFERENCES 

(1)  "Age-sex  Distribution  of  Beneficiaries  Authorized  for  Care  in  Military 
Hospitals,"  Systems  Analyses,  DAC15-G9-C-0345. 

(2)  "Number  of  Discharges  from  Short-fStay  Hospitals  —  1967, "  Table  13, 
Household  Interview  Survey,  Scries  10,  National  Center  for  Health 
Statistics,  Public  Health  Service,  Dept,  of  Health,  Education  and  Welfare. 

METHOD 

Table  2  shows  the  relevant  statistics  from  the  Household  Interview  Survey 
(Reference  2).  Tables  3,  4,  and  5  show  the  age-sex  breakdowns  for  each  category 
of  non-military  beneficiary.  For  the  retired  and  dependents  of  retired  and 
deceased,  the  following  procedure  was  used:  the  fraction  of  each  age-sex  cohort 
of  the  distribution  Is  multiplied  by  the  admission  rate  for  that  cohort.  These 
fractional  rates  are  summed  to  arrive  at  a  weighted  average. 

For  dependents  of  active  duty  the  procedure  differs  In  one  respect. 

Since  a  larger  proportion  of  the  admissions  of  females  under  CHAMPUS  In  the 
14  to  17  year  age  group  were  children  of  active  duty  personnel  (CHAMPUS  Twelfth) 
Annual  Report),  the  admission  rate  of  females  In  the  17  to  24  year  age  group 
has  been  used  for  females  14  to  17  years  of  age. 
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TABLE  1 


BENEFICIARY  CATEGORY  ADMISSION  RATE 

Dependents  of  Active  Duty  Personnel  144 

Retired  Personnel  140 

Dependents  of  Retired  or  Deceased  Personnel  144 


TABLE  2 

Number  of  Discharges  per  1000  persons  per  year, 
by  age.  and  sex:  United  States,  19G7  1 


AGE 

MALE 

FEMALE 

0-1G 

72 

57 

17-24 

78 

23G 

25-34 

75 

230 

35-44 

101 

153 

45 -G  4 

137 

14G 

G5  + 

214 

183 

1  Household  Interview  Survey, 

19G7,  Reference  1 
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TABLE  3 


Age-sox  Distribution  of  Dependents  of  Active  Duty  Personnel 
in  II.  I.S.  Age  Ranges 


Age 

% 

(Male) 

% 

(Female) 

0-1G 

29.0 

41.2 

17-24 

1. 1 

25.  G 

25-34 

* 

2.1 

35-44 

* 

* 

45-G4 

* 

* 

G5  + 

*  Small  percentage 

* 

* 

TABLE  4 

Age-sex  Distribution  of  Male  Retired  Personnel 
in  H.  I.S.  Age  Ranges 


Age 

% 

(Male) 

0-1G 

0 

17-24 

.088 

25-34 

2.01 

35-44 

19.5 

45-G4 

G7.30 

G5  + 

11.28 

TABLE  5 

Age-sex  Distribution  of  Dependents  of  Retired  or  Deceased  Personnel 

in  H. I.S.  Age  Ranges 

Age 

% 

% 

(Male) 

(Female) 

0-1G 

20.9 

18.7 

17-24 

12.0 

14.3 

25-34 

* 

3.9 

35-44 

* 

11.0 

45-G4 

* 

15.2 

G5  + 

♦Small  percentage 

* 

4.0 
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APPENDIX  3. 1-5 


EXPECTED  BREAKDOWN  OF  SPECIALTY  CLINIC  USAGE  BY 
NON-MILITARY  BENEFICIARY  TYPE  AS  DERIVED  FROM  H.i.P.  STATISTICS 

SUMMARY 

To  supplement  the  data  collection  from  military  hospitals,  expected 
specialty  clinic  usage  by  each  category  of  non-military  beneficiary  was 
derived  using  statistics  from  the  Health  Insurance  Plan  of  Greater  New  York 
(for  19G5)  in  conjunction  with  the  estimated  age-sex  breakdown  of  the  non¬ 
military  beneficiaries. 

REFERENCES 

(1)  "Age-Sex  Distribution  of  Beneficiaries  Authorized  for  Care  in 
Military  Hospitals",  Systems  Analysis,  DAHC15  69  C  0354. 

(2)  "H.I.P.  Statistical  Report,"  Health  Insurance  Plan  of  Greater 
New  York,  1965. 

METHOD 

In  the  "H.I.P.  Statistical  Report,"  Table  8  utilization  rates  by  age 
and  physician  specialty  are  shown  for  CY1965,  based  on  a  10  percent 
sample  of  the  H.I.P.  population  (677,923).  These  physician  utilization 
rates  included  both  office  visits  and  hospital  visits.  Hospital  visits  were 
approximately  10  percent  of  the  total  physician  services. 

The  distributions  of  BLHC  beneficiaries  were  used  to  find  the  number 
of  people  in  each  of  the  H.I.P.  age  ranges  as  shown  in  Tables  3,  4  and  5. 
These  distributions  by  age  of  each  categoiy  of  non-military  beneficiaries 
were  multiplied  by  the  number  of  specialty  services  in  each  age  range  lor 
each  physician  specialty  to  arrive  at  the  number  of  specialty  services 
expected  for  each  category  of  non-military  beneficiary. 
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J 

For  exported  usage  of  obstetricians  and  gynecologists  only  the  female 
portion  was  taken  of  dependents  of  active  duty  personnel  and  dependents  of 
retired  or  deceased  personnel.  The  retired  were  assumed  to  be  all  male. 

KFSULTS 

raljle  1  shows  expected  physician  services  per  person  in  each  non- 
military  beneficiary  category  for  each  physician  specialty',  and  the  per¬ 
centage  of  services  given  all  persons  of  a  given  category  by  specialty. 

In  o.his  table,  "Surgery"  includes  Otolaryngology',  Urology,  and  general 
surgery;  "Medicine"  includes  Allergy,  Dermatology’,  Internal  Medicine, 
and  general  medicine. 

Table  2  shows  physician  specialty  services  by  age  of  patient  and 
expected  services  per  year  for  each  beneficiary  category.  In  this  table, 
surgery  and  medicine  arc  shown  in  their  component  specialties. 

DISCUSSION 

Several  assumptions  are  embodied  in  this  comparison;  the  major 
ones  are: 

1.  For  each  age  range  and  beneficiary  category,  the  distribution 
of  males  and  females  is  the  same  as  the  H.I.P.  population. 

Comparison  for  each  beneficiary  category  (Reference  1)  shows 
the  greatest  disparity  is  for  elderly  dependents  of  retired  or 
deceased  personnel,  who  are  all  female. 

2.  The  potential  demands  of  the  non-military  beneficiaries  for 
the  services  of  specialists  is  the  same  as  that  of  the  H.I.P. 
population.  Since  most  specialist  services,  both  in  civilian 
and  military  practice,  tend  to  be  by  referral,  the  differences 
are  not  felt  to  be  crippling. 
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Table  .1  —  Age-sex  distribution  of 


dependents  of  active  duty  personnel  in  11. 1.  P.  age  ranges 


f  • 

•( 

f” 

<■} 

H 

Age  Span 

(both  sexes) 

(male) 

(female) 

(i-l  1 

(ID 

2!). :i 

ir>— 1 1 

:is 

1.9 

:!(;. 

Ifi-C.l 

♦ 

* 

65  i- 


*  Ne^i  i^ible 

Percentage 

Table  1 

—  Age-sex  distribution  of 

retired  personnel  in  II.  I.  P.  age  ranges 

Ape  Span 

r 

1 

(male) 

15-44 

17.9 

45-G4 

GG.G 

G5+ 

14.3 

1  Females  arc  a  negligible  percentage  of  retired  personnel. 

Table  5- 

Age-sex  distribution  of 

dependents  of  retired  or  deceased  personnel  in  H.  I,  P.  age  ranges 

7c 

7c 

7c 

Age  span 

(both  sexes) 

(male) 

(female) 

0-14 

34.5 

18.5 

16. 1 

15-44 

46.2 

14.2 

32.0 

45-G4 

15.2 

* 

15.2 

G5+ 

4.0 

* 

4.0 

* 


Negligible  Percentage 
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APPENDIX  3.1-C 


\XAI.YSIS  OF  BEAUFORT  AND  JACKSONVILLE  NAVAL  HOSPITALS 
PATIENT  CARE  REQUIREMENTS 

The  initial  phase  of  this  project  required  a  search  of  the  hospitals' 
inpatient  medical  records  file  to  obtain  a  random  sampling  of  xiticnts.  A 
sample  of  approximately  5  percent  of  the  annual  admissions  was  obtained  from 
the  Jacksonville  Naval  Hospital  and  the  Beaufort  Naval  Hospital.  The  search 
was  formalized  to  capture  information  about  the  type  of  patient  entering  the 
hospital,  the  reason  for  entering,  length  of  stay,  statistics  on  the  patient's 
progression  through  the  various  care  levels,  and  the  number  and  type  of  tests 
administered  to  the  patient. 

This  data  was  then  edited  to  gain  a  degree  of  uniformity.  This  included 
coding  a  consistent  Disease  or  Condition  on  eaeh  record,  treating  the  military 
recruits  in  a  consistent  manner,  and  rejecting  insufficient  information  which 
did  not  fit  into  the  coding  scheme.  Data  was  then  keypunched.  Tables  1  and  2 
give  information  about  the  card  format  and  the  coding  system  used  in  punching 
the  card  deck. 

The  second  project  phase  was  the  implementation  of  a  computer  program 
to  analyze  the  collected  data. 

The  first  report  analyzes  the  distribution  of  bed  days  in  the  hospital  by 
care  level.  This  report  is  produced  for  each  beneficiary  type  and  for  each  of 
the  18  general  disease  categories;  sub-breakdowns  are  age  and  sex. 

The  second  report  is  also  produced  by  disease  category  and  beneficiary 
type.  Within  this  code  the  patients  are  aggregated  by  age,  whether  surgery  was 
performed  ;md  whether  a  single  or  multiple  dingnosis  was  determined.  The  output 
contains  the  aggregation  of  the  patients  by  the  population  factors  above.  It  also 
contains  length  of  stay  statistics  and  a  percentile  distribution  of  patients  by  their 
length  of  stay. 

The  third  report  uses  the  same  population  cohorts  as  Report  2.  Here  we 
aggregate  the  number  of  laboratory  tests  performed  on  the  patients,  including 
Hematology,  Urology,  and  Radiology  tests.  The  output  consists  of  the  number 
of  patients,  the  number  of  each  laboratory  test,  the  average  number  perpatient  , 
and  variances  for  each  item. 
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Report  4  gives  a  detailed  breakdown  of  patients  by  day  of  stay  beneficiary 
type  and  disease  category.  The  patients  that  underwent  surgery  were  separated 
from  those  who  did  not.  Each  day  of  stay  is  displayed  together  with  the  number 
of  patients  that  arc  present  in  the  hospital  on  that  day.  For  those  patients  who 
stayed  more  than  51  days,  we  aggregated  the  number  of  days  over  50  and  stored 
it  in  day  number  51. 

For  each  day  of  stay  the  distribution  of  the  patient  days  within  each  level 
of  care  is  prir.cd,  as  well  as  the  number  of  laboratory  tests  with  its  associated 
statistics. 
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Card  1  -  Description 


I 
I 

I 

*r. 

Codes  for  header  and  data  items  for  Medical  Records 
Card  , 


Item 

Column 

Header  Information 

Char 

1 

1 

Hospital 

1A 

2 

2-4 

Unique  Person  Identifier 

3D 

3 

5-6 

Card  # 

2D 

4 

7 

Point  of  Origin  (how  got  to  hospital) 

1A 

5 

8 

Disposition 

1A 

6 

9-14 

Date  Admitted 

6D 

7 

15-20 

Date  of  disposition 

6D 

8 

21-22 

Age 

2D 

9 

23 

Sex 

1A 

10 

24-25 

Beneficiary  type  (type  of  patient) 

2A 

11 

26 

Rank  (if  any)  Officer  0,  Enlisted  E 

1A 

12 

27-29 

Length  of  Stay 

3D 

13 

30-33 

Primary  Diagnosis  (discharge) 

4A 

14 

34 

Number  of  Secondary  Diagnosis 

ID 

15 

35-38 

Secondary  Diagnosis  #1 

4A 

16 

39-42 

Secondary  Diagnosis  #2 

4A 

17 

43-46 

Secondary  Diagnosis  #3 

4a 

18 

47-50 

Secondary  Diagnosis  #4 

4A 

Card  1  -  Codes 

Item 

Column 

Code 

Explanation 

1 

1 

J  or  B 

^Jacksonville,  B=Beaufort 

2 

2-4 

001-999 

in  sequence  for  each  hospital 

3 

5-6 

01-99 

card  #  for  each  medical  record 

4 

7 

T=Transfcrred  In 

any  other  hospital, 

Vietnam 

D=from  dispensary 

S=Self- referred 

dependents  and  retired 

5 

8 

D~  Discharged 

from  hospital  -  after  some  period 

no  notation 

T=Transferred  out 

to  another  hospital 

X=Death 

R=Retircd  from  Service 

U=Unauthorizcd  discharge 

AWOL 

6 

9-14 

YYMMDD 

2-digit  year,  2-digit  month, 

2 -digit  day 

15-20 

Same 

ibid. 

Card  1  -  Codes  (eont'd) 


Item  Column  Code 


Explanation 


8  21-22 
9  23 

10  24-25 


11  2G 


12  27-29 

13  30-33 

14  34 

15-18  35-38 


Item 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


NN  Age 

M=Male  Sex 

F=Female 

MV=Military  Vietnam 
MR=Reeruit 
MN=blank  or  Navy  USA 
MM=USMC 
MA=Armv  USA 
MF=USAF 
MC=Marine  Corp 
DM=Dependnet  of  active  duty 
military 
RT=Retired 

DR= Dependent  of  Retired 

OT=Other 

0=Officer 

E=Enlisted 

*(=Other 

NNN=length  of  stay 
AAAA=primary  diagnosis 
N=#  of  secondary  diagnoses 
AAAA=Diagnosis;  if  none,  =  blank 

Card  2  -  Description 
Data  Reeord 

Information 

Day  of  stay-start 
Day  of  stay-end 
Level  of  eare 
Lab -He  mo 
Lab-Urology 
Lab-Mise 
Surgery- Major 
Surgery-Minor 
Radiology- Major 
Radiology-Routine 


Char 

2D 

2D 

1A 

ID 

ID 

ID 

ID 

ID 

ID 

ID 
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Card  2  -  Codes 


Column 

Code 

Explanation 

1-2 

NN 

Start  day  for  this  record 

3-4 

NN 

End  day  for  this  record 

r> 

C 

Cornary  care  unit,  labeled  CCU 

I 

Intensive  care  unit,  labeled  ICU 

D 

Delivery 

II 

Heavy  care,  labeled  HVY 

M 

Moderate  care,  labeled  MOD 

L 

Light  care,  labeled  LGT 

A 

Authorized  leave 

U 

Unauthorized  leave  AWOL 

N 

Croupette,  MIST  or  nursery, 
labeled  NVR 

(i 

N 

#  Hemoglobin  laboratory  tests 

7 

N 

#  Urology  laboratory  tests 

8 

N 

#  Miscellaneous  laboratory  tests 

9 

N 

#  Major  surgery  this  day 

10 

N 

#  Minor  surgery  this  day 

11 

N 

#  Major  radiology  tests 

12 

N 

#  Routine  radiology  tests 
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APPENDIX  3.2-1 


McKEE-BERGKR-MANSUETO  COST  ANALYSIS 

The  data  presented  for  the  test,  configuration  of  the  "New  Generation" 
of  Military  Hospitals  fNGMII)  is  representative  of  the  general  cost  orjflle  or 
the  NGMM  system  design. 

Cost  Analysis  of  NGMH  ( F  ) 

The  initial  task  of  the  analysis  was  to  determine  T  costs  of  the  NGMH 
system  design  for  ;;  range  of  alternative  structural,  architectural  and  mechanical 
solutions.  These  solutions  were  applied  to  a  typical  configuration  (570  beds, 
507,000  s/f)  In  order  to  quantify  the  various  cost  relationships  involved.  From 
these  data  a  "test"  solution  was  selected  to  permit  comparison  with  "conventional" 
hospital  cost  data.  The  building  systems  selected  are  not  complete  but  are 
representative  of  a  range  of  probable  solutions  in  terms  of  both  cost  and  method 
of  construction. 

To  accomplish  this  task,  costs  were  analyzed  by  the  following  building 
system  categories: 

1 . 0  Foundation 
2.0  Superstructure 
3.0  Exterior  Wall 
4.0  Interior  Finish 
5 . 0  Roof 
6.0  Casework 
7 . 0  Plumbing 

8.0  Heating,  Ventilating,  and  Air  Conditioning 
9.0  Electrical 
10.0  Elevators 

Where  appropriate,  alternatives  were  analyzed  within  a  given  category, 
including  seven  alternatives  under  the  Structural  category,  four  under  Exterior 
Wall,  three  under  interior  Finishes  and  three  under  HVAC.  Costs  were  also 
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analyzed  by  level  and  functional  area  within  each  level. 

In  some  instances,  however,  building  system  costs  and  the  costs  of 
certain  elements  eould  not  be  appropriately  distributed  among  levels  and  areas. 
These  exceptions  include  the  Foundation,  Roof  and  Elevator  systems;  circulation 
areas;  primary  and  secondary  nodes;  and  the  distribution  of  Exterior  Wall  costs 
to  interior  areas. 

The  costs  of  the  Foundation,  Roof  and  Elevators  systems  have  been 
treated  as  non-distributable  ’’constants",  which  are  added  in  the  summary 
analysis  of  the  total  cost  of  the  NGMH  system.  Also,  because  the  NGMH  test 
configuration  was  assumed  to  have  a  remote  energy  supply*,  the  cost  of  certain 
mechanical  and  electrical  equipment  (boilers,  chillers  and  towers)  have  been 
treated  as  constants. 

This  detailed  analysis  resulted  in  the  matrix  which  follows.  It  should 
be  noted  that  the  total  cost  of  a  given  building  system  for  the  four  levels  or  for 
all  areas  within  a  level  is  not  a  simple  average.  The  square  feet  of  space  assumed 
for  each  level  and  area  varies  and  is  reflected  in  the  total  cost. 


♦This  assumption  was  necessary  to  permit  subsequent  cost  comparisons 
with  conventional  hospitals  to  be  made  on  a  uniform  basis. 
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KGMP  Tp  COSTS  BY  I.HVFL,  APFA  A  UP  BUTI.PTUG  SYSTEM 
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1 
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NC.MI1  Tn  COSTS  BY  LEVEL,  AREA  AMD  BUILDING  SYSTEM 
(DOLL.ARS/SF) 


LEVEL:  AMBULATORY 

BUILDING  SYSTEM 


4.0  Interior  Finish 


4.1  Austere 


4.2  Average 


4.3  Generous 


5.0  Roof  System 


6.0  Casework 


7.0  Plumbing 


Heating) 

8.0  Ventilating  and 
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NCjMU  T0  COSTS  HV  LKVKl.,  A  UFA  AND  HU  I  I,l>  INC,  SYSTEM 
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16 .4(118. 6CI16. 402  6  *  3  112.55 


3.00  1.3 


2.50 

1.50 

1.50 

.47 

8.42 

2.81 

8.87  10.8 


5.77  3.85 


9.40 

9.40 

9.31 

9.31 

8.87 

8.87 

4.81 

3.85 

NGMH  To  COSTS  BY  LEVEL, 


AREA  AMD  HUH, DIMM  SYSTEM 


(nr 

LEVEL:  AMBULATORY 

ft 

W 

< 

BUILDING  SYSTEM 

LEAKS 

►J  u 

<  H 

Eh  m 
r-  m 
K  J 

D  U 

/MF) 

✓  . 

M 

o 

< 

MAJ.  CIRC. 

PRIMARY 

NODES 

Pi 

PI 

< 

o 

^  t n 

o  w 

U  Q 

W  O 
w  p. 

TOTAL  COST 

1 

1.0  Foundations 

■ 

- 

- 

- 

- 

- 

2.0  Supor  Structure 

■ 

Stool  frame,  concrete 

2.1  fireproofing  and  slabs 
(US  Stool  Scheme) 

7.71 

7.75 

7.75 

9.55 

9.55 

7.87* 

Steel  frame,  concrete 

2.2  fireproofing  and  slabs 
(Bethlehem  Scheme  A) 

9. 1C 

9.16 

9.16 

11.29 

11.29 

9.30 

■ 

Steel  frame,  concrete 

2.3  fireproofing,  and  slabs 
(Bethlehem  Scheme  B) 

mmm 

IB 

■ 

8.56 

10.55 

10.55 

8.70 

■ 

Steel  frame,  concrete 

2.4  fireproofing,  and  slabs 
(Bethlehem  Scheme  C) 

B 

H 

7.61 

7.61 

10.22 

2.5  Reinforced  concrete 
slabs,  beams,  columns 

Iff 

life 

8.3( 

| 

10.22 

Metal  deck  {,  Concrete 

2.6  slab  (Inpatient  level 
only) 

- 

■ 

“ 

- 

- 

■ 

2.7  Precast  Concrete 

(Inpatient  level  only) 

- 

■ 

- 

- 

■ 

■ 

3.0  Exterior  Nall 

■ 

• 

3.1  Face  Brick,  Masonry 
Back-up  (Cavity) 

D 

m 

- 

- 

■ 

2.95 

3.2  Face  Brick,  Masonry 
Back-up  (solid) 

n 

4.41 

- 

- 

- 

3.26* 

3.3  Stucco  Facing,  Blockvmll 

EE 

3.71 

- 

- 

“ 

aa 

3.4  Precast  Concrete  Panels 

5.2' 

5.2*' 

- 

- 

- 

2.84 

3.5  Glass  £,  Metal  Panels 

a 

wm 

m 

- 

- 

- 

3.94 
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NCMii  Tp  costs  i’y  level,  area  At  jo  building  system 
Tnoi.r.AR.VsTT 


AMBULATORY  K  K  O 

.1  ,  .  M  ^  .  <  .  U 


< 

w 

*  i; 

BUTI.D  ING  SYSTEM 

►4  U 

<  M 

t->  :: 

m 

W  *4 

Q  U 

ADMIN. 

u 

< 

e; 

<.  in 
E  [4 

m  a 
K  C 
C4 

c 

::  IT. 

o  e: 
u  c 
w  c 
in  r. 

>1 

< 

H 

C 

4.0  Interior  Finish 

4 . 1  Austere 

9.64 

8.97 

9.18 

21 . 24 

21.24 

□  .08 

■ 

4.2  Average 

10.56 

25.00 

■ 

4.3  Generous 

■ 

12.55 

12.83 

29.70 

29.70 

■ 

5.0  Roof  System 

■ 

■ 

■ 

■ 

■ 

3 

6.0  Casework 

B 

■ 

■ 

■ 

7.0  Plumbing 

m 

■ 

1.00 

■ 

■ 

1.15* 

■ 

Heating > 

8.0  Ventilating  and 

Air  Conditioning 

8.1  All  Air/ 

Induction 

m 

■ 

■ 

9.40 

p 

9.74 

8.2  All  Air/ 

Fan  Coil 

m 

m 

9.31 

- 

- 

9.65 

■ 

8.3  All  Air/ 

Incremental 

9.87 

8.87 

8.87 

- 

- 

9.19* 

■ 

9.0  Electrical 

4.8] 

m 

4.81 

1.92 

1.92 

1.86* 

10.0  Elevators 

- 

- 

- 

- 

- 

- 

*Cos ts  of  tost  configuration 
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I 

I 

1 


NGMII  Tn 

copts  r,y  i  evei • ,  area  and  building  system 

(dollars*/:  ) 

u 

M 


LEVEL:  MEDICAL/ 


ADMIU1  STRATI  VE 

rC 

W 

C. 

< 

BUILDING  SYSTEM 

hi 

<• 

u 

t-i  u. 
C  f 

!f 

*—>  >- 
IT*  O'. 

> 

p: 

r_ 

6  a, 
L  f- 
A 
a.  m 

U 

u 

N. 

u 

h- 

i  -  e 

u. 

cr  > 

O  W 
C2  t-5 

<  m 
m  c 

r 

e  L 

t- 

o  .  m- 
K 

m  tn 

;  c 

o 

y 

c  m 

i-5  i 

tc  C 
P  >- 
u  e 
c.  c. 

»~j»  *■ 

C  : 

•a 

< 

z 

C 

1.0  Foundations 

- 

- 

- 

- 

- 

- 

2.0  Super  Structure 

! 

Steel  i  rein-  ,  concrete 

2.1  fireproofing  and  slabs 
(US  Steel  Scheme) 

8.18 

8 .  1  8 

8.18 

8.18 

8.18 

8.18 

8.18 

c .  3  r ! 

Steel  franc,  concrete 

2.2  fireproofing  and  slabs 
(Bethlehem.  Scheme  A) 

■ 

9.75 

^  .75 

f| .  7  5 

°  .75 

9.75 

9.75 

i 

i 

n  7  - » 
•  '  -  ! 

Steel  franc,  concrete 

2.3  fireproofing,  and  slabs 
(Bctlilelien  Scheme  B) 

9.46 

m 

9.4  6 

9 . 4  6 

9.4  6 

9.4  6 

ft.  4 (' 

i 

"•‘ci 

Steel  frame,  concrete 

2.4  fireproofing,  and  slabs 
(Bethlehem  Scheme  C) 

6.21 

6.21 

6.21 

6.21 

6.2T 

H 

« 

I 

6.21  j 

2.5  Reinforced  concrete 
s  ]  ah  r- ,  hie  an  r.  col  inn  s 

8.85 

8.85 

8.85 

8.85 

8.8  5 

8.85 

3.85 

n  ft  rj 

• :  i 

Metal  dec);  &  Concrete 

2.C  slab  (Inpatient  level 
only) 

- 

- 

- 

- 

1 

2.7  Precast  Concrete 

(Inpatient  level  only) 

- 

- 

- 

- 

1 

3.0  Enter i. or  Wall 

■ 

3.1  Face  Brie!;,  Masonry 

Bach -up  (Cavit 

G .  02 

6.02 

6.02 

6.02 

- 

- 

- 

3.2  Face  Brick,  Masonry 

Bad  -un  ( sol  id ) 

6.43 

6.4  3 

6.43 

m 

6.43 

6.45 

6.43 

6.43 

3.3  Stucco  Facing,  Bloc);'  all 

‘>.4  7 

5.47 

5.47 

5.47 

_ 

_ 

i 

3.4  Precast  Concrete  Panels 

7.56 

7.56 

■ 

7.56 

- 

- 

- 

1 

-  1 

1 

3.5  Glass  £.  Metal  Panels 

7.7° 

7.79 

7.79 

7.79 

- 

- 

- 
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tiOMii  toC0:-ts  i 

LrVr?I  .  MEDICAL/ 

ADM  III  I  STRATI  VI^. 

ui 

a: 

< 

nUILDING  SYSTEM 

IY  I.H\ 

TBoi.7 

c. 

Hi  ca 

C  E - 
t.  H 

3  3 
i / :  tr. 

Eli ,  A 

AUS/S 

>< 

K 

K 

> 

C  r 
V  l 
ta  c 
cr.  f 

REA  A 

TT 

3 

U 

o 

\ 

u 

H 

rm  m 

(X 
t, 
p'  > 

C  M 

a  a 
<  w 

D 

ti.d  r.K 

>.  E-* 

K  M 
t,  3 

v.  3 
c 

3  a 

77  C 

C.  SYS 

U 

77 

H 

u 

< 

K 

H 

TI-M 

Q 

(4 

(X 

C  J 

J  < 

bi  U 

>  M 

u  c 
c  e 
zz  3 

3  V. 

OPTHAL  CLINIC 

•1.0  Interior  Finish 

• 

4.1  Austere 

52. 6f 

■ 

7.71 

12.20 

6.36 

13.68 

12.21 

4.2  Average 

■ 

QCj 

8.57 

13.57 

15.57 

7.07 

18.57 

B 

■ 

4.3  Generous 

67.41 

21.37 

9.86 

15.62 

■ 

8.14 

55. 9< 

on 

5.0  Roof  System 

■ 

■ 

■ 

■ 

■ 

- 

■ 

6.0  Casework 

8.00 

1.00 

5.28 

1.00 

5.28 

1.00 

5.00 

5.28 

7.0  Plumbing 

B 

7.85 

5.90 

7.85 

6.56 

3.86 

2.35 

4.85 

Heating-, 

8.0  Ventilating  and 

Air  Conditioning 

B 

■ 

■ 

■ 

■ 

•1 

8.1  All  Air/ 

Induction 

28. 4€ 

10.63 

21.47 

B 

9.67 

6.44 

10.74 

8.2  All  Air/ 

Fan  Coil 

28.18 

L0.53 

■ 

21.27 

7.35 

9.53 

6.38 

gg 

8.3  All  Air/ 

Incremental 

26.85 

10.03 

10.03 

HR 

m 

7.00 

9.12 

6.08 

B 

9.0  Electrical 

7.77 

11.65 

i  .a 

m 

4.86 

2.91 

5.83 

10.0  Elevators 

- 

- 

- 

- 

- 

- 

- 

- 

•Costs  of  tost  configuration. 
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I 

I 


LEVEL:  "EPICAL/ 

A  DM I E I S T  PAT  1 1  ’  E 

< 

u, 

r.' 

BIJILDIIIG  SYSTEM 

t/j 

> 

C  m 

w  M 

»—  r  \ 

i-3 

11 

n: 

< 

U  '• 

r 

o 

u 

c. 

c 

e  u 

>  M 

C  H* 

t  ; 

i  1 

< 

r 

t 

tr.  c 

(-1  fi 

n  t- 

M 

c. 

e 

u 

c~ 

M 

cj 

t~_ 

< 

i'1 

C4 

<  IT. 

r:  u 
m  c 
£  c 

u 

K 

<, 

C 

: :  w 

C  tr 
u  c 
e  c 

IT. 

b< 

C 

U 

K> 

< 

t- 

c 

1.0  Foundations 

“ 

2.0  Super  Structure 

■ 

.Steel  tr  :  ,  concrete 

■ 

2.1  f  i  reproof  inn  find  s.l  abs 

3.  u: 

8.1c 

8.18 

8  1  8 

11.24 

'  1.24 

8.43 

* 

(US  Steel  Scheme) 

Ml 

Stef  J  1  ■•nine ,  concrot 

ar 

2.2  fireproofing  end  slabs 

9.75 

9.73 

".75 

9.75 

13.40 

!t  .n- 

(Bethlehem  Sc:!. ere  A) 

Mr 

■ 

Steel  fr.mo,  concrete 

■H 

2.3  fireproof  ir.q ,  and  slabs 

9.46 

9 . 4  r 

9 . 4  6 

9.46 

9.46 

'3.00 

n  *  ••  r. 

(Bethlehem  Scheme  11 

‘ 

Steel  frame,  concrete 

HP 

2.4  f  iroprooi ing  ,  and  slabs 

6.21 

6.21 

6.21 

6.21 

8.53 

8.53 

6.4 

_  (Bath  1  ehen  Schema  C)_ 

_ _  _  _ 

. 

_  ...  . 

...... 

_ _ _ 

__ 

2.5  Reinforced  concrete 

8.85 

9.85 

8.85 

8.85 

8.85 

12.16 

12.16 

.  - 

slab?: ,  bo c:t<:s  columns 

Meta]  dc  k  6  Concrete 

2.6  slab  (Inpatient  level 

“ 

“ 

“ 

“ 

“ 

"*■ 

“ 

only ) 

2.7  Precast  Concrete 

- 

- 

- 

- 

- 

- 

- 

- 

(Inpatient,  level  onlv) 

3.0  Exterior  Wall 

3.1  Pace  Brick ,  Masonry 

- 

- 

- 

6.02 

- 

- 

_ 

4 . 7  :i 
1 

Back-up  (Cavitv) 

3.2  Pace  Brick.,  Masonry 

6.43 

6.4  3 

6.43 

6.4  3 

- 

- 

* 

Bark-un  (solid) 

.  ..  J 

r> .  ‘1 7 

( 

*>  v 

3.3  Stucco  Pacing,  El  ochv.v. !  1 

*  •  “ 

7 . 56 

_ 

S  n  (i 

3.4  Procast  Concrete  Panels 

•  j 

3.5  Glass  f.  Metal  Panels 

- 

- 

1 

- 

- 

! 

6 . 1  4 

_ _ 
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ttGMjl  To  COST S  BY  LEVEL,  AREA  AND  BUILDING  SYSTEM 
(DOLLARS/SK) 


LEVEL : 


SERVICE 


BUILDING  SYSTEM 


1.0  Foundations 


2.0  Super  Structure 


Steel  Irene,  concrete 

2.1  f  reproof ir.g  and  slabs  116.2' 
(US  St ce]  Scheme) 


Steel  i ratio,  concrete 

2.2  fireproofing  and  slabs  28  .  H  24 . 2  24 . 2> 

_ ( Be 1 1  llehcm  Scheme  A) _ 

Steel  frame,  concrete 

2.3  fireproofing,  and  slabs  >20.4; 

(Bethlehem  Scheme  B) 


Stec i  frame,  concrete 

2.4  fireproofing,  and  slabs.  12.2(10.5.110.5 
(Bethlehem  Scheme  C) 


2.5  Reinforced  concrete 
slabs.,  beams  columns 


Metal  deck  &  Concrete 

2.6  slab  (Inpatient  level 
only) 


2.7  Precast  Concrete 

(Inpatient  level  only) 


3.0  Exterior  Kali 


3.1  Face  Brick,  Masonry 
Back-up  (Cavity  ) 


3.2  Face  Brick,  Masonry 
Back-up  (solid) 


3.3  Stucco  Facinq,  Blockt/all  2.01  2.  ON  2 


3.4  Precast  Concrete  Panels  2.92  2.9 


3.5  Glass  (.  Metal  Panel 


LEVEL :  SERVICE 


BUT  LIU  ,’C  SYSTEM 


,  NC/M!  To 

COSTS  BY  LEVEL,  ABBA  AND  BUILDING  SYSTEM 
Toolbars/ si-r) 

►4  I 

<  e.  k 

u  i~  *3  in 

M  iJ  U  ><  <  >■  n 

,r  I  •'  I  <  >m  ~  Ci  *  |  Ufti  o  . 

H  ^  E  Sh  h  in  n”  S 


4.0  Interior  Finish 


4.1  Austere 


4 . 2  Average 


4.3  Cenerou 


5.0  Roof  System 


6.0  Casework 


7.0  Plumbing 


Keating , 

8.0  Ventilating  and 
Air  Conditioning 


8.1  All  Air/ 
Induction 


8.2  All  Air/ 
Fan  Coil 


8.3  All  Air/ 

T  ncrcmentnl 


9.0  Electrical 


10.  C  Elevator 


u  men 

'  •  u  e;  n  c 
r.  c  in  = 


>  w  d 

K  f?  £ 


2.0(1  R.5C  8.5612.5615.06  7.06 


2. Id  8 . 9(1  8.9613.1415.76  7.39 


BBBBBBBI 

■BBnHMBRIBn 


♦Costs  of  test;  configuration. 


NGMli  Tn  COSTS  nv  LEVEL,  AREA  AMD  P.ETLDr’G  SYSTEM 


(no 

LEVEL:  SERVICE 

< 

w 

u\ 

< 

BUI  LI) I  EG  SYSTEM 

LL.i’S 

IT. 

o 

r.  * 

C— 

r  «  ~ 

ir.  u. 

/rn  ‘ 

C'  • 

G  U 
u. 

K\  l-t 

t.  u 

vf 

f"  V. 
t 

f-  c 

c-  c 
n  ; 

c 

g 

& 

c 

►a 

ta 

>  G 

G  G 

C  < 
f  g 

G  V. 

M  V. 

<  t- 
E-  v. 

C  C 
t-  G 

I 

1.0  Foundations 

■ 

2.0  Super  Structure 

■ 

j 

Steel  ir<  ,  coixn-ti 

2.1  fireprc  f ;  ng  end  slabs 
(US  Steel  Schrrn  ) 

11.2'- 

14.05 

11.30 

14.05 

13.4° 

b 

i 

Steel  ire  '.o,  cone: re tc 

2.2  f iroproof .ing  and  slabs 
(Eetli'l ol'e-  Scheme  7.) 

1 ') .  3 r 

24.2' 

20.35 

24.24 

i 

j 

S  tee  1  f  r  r r  ic ,  cone r c  t e 

2.3  f  iroproof ing  ,  and  slabs 
(Belh'eb  r>  Sober e  D 

13.22 

22.72 

19.13 

22.78 

23  .37 

Steel  lit  re,  concrete 

2  4  fireproofing,  and  slabs 
(Bo.t)i.l  elio’",  Seher.e  C) 

3.42 

10.52 

3.82 

10.52 

10.10 

i 

! 

2.5  P.einforced  concrete 
slabs,  1  ams  columns 

19.67 

24 . 50 

20.65 

24.50 

23.61 

i 

Metal  do ca  &  Concrete 

2.6  slab  (Inpatient  level 
on!  v) 

- 

- 

- 

- 

i 

f 

i 

2.7  Precast  Concrete 

(Inpatient  level  only) 

- 

- 

- 

■ 

- 

i 

! 

j 

3.0  Enter: or  V’c.n 

3.3  Face  Brie’:,  Masonry 
J)ach-UD  (Cavity) 

2.21 

- 

- 

2.21 

1 

3.2  Face  Brio!:,  Masonry 
Back-up  (solid) 

2.44 

- 

2.44 

2.15 

b 

i 

i 

l 

i 

3.3  Stucco  Facing,  13  3  ockv:al  1 

2. ns 

- 

2.08 

1.83 

i 

3.4  Precast  Concrete  Panels. 

a 

■ 

■ 

2.92 

2.57 

i 

i 

1 

i 

3.5  Glass  f«  Metal  Panels 

3.01 

- 

- 

3.01 

2.65 

i 

i 

i 

i. 
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8.2  All  Air/ 
Fan  Coil 


8.3  All  Air/ 

Incremental 


9.0  r.lectrical 


10.0  Elevator 


*Costs  of  test  configuration, 
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1.0  Foundation 


2.0  Super  Structure _ 

Steel  ! rnne,  concrete 

2.1  fireproofing  and  slabs 

_ (US  Steel  Scheme) _ 

Steel  frame,  concrete 

2.2  fireproofing  and  slabs 
( Beth  1  ehem  Sc  none  7) 


Steel  frame,  concrete 
2.3  fireproofing,  and  slabs 
(Beth! chon  Scheme  P) 


Steel  frame,  concrete 
2.4  fireproofing,  and  slabs 
(Hcth  Ichort  Sc  here  C) 


2.5  Reinforced  concrete 
slabs,  beams  columns 


Metal  deep  &  Concrete 
2.6  slab  (Inpatient  level 
only) 


2.7  Precast  Concrete 

(Inpatient  level  only) 


3.0  Exterior  Wall 


3.1  Face  Brie);,  Masonry 
Back-up  (CnvitV) 


3.2  Face  Brie);,  Masonry 
Hack -up  (solid) 


3.3  Stucco  Facing,  Ill ookva  1.1  h  m 


3.4  Precast  Concrete  Panel!  3.84 


3.5  Glass  &  Meta]  Panel 


3.96  3.96 


Na*!’  r  costs  by  level,  area  and  building  system 


Tpoi.laes/sfT 


LEVEL 


r:-: path  ;jt 


« 

K 

< 

(J 


•  •  V. 

t>  U  C 

>  •  M 

cc  : .  a  eh 


ft 

W 

a. 

< 

BUILDING  SYSTEM 

h  in 

V.  Eh 

C.  £ 

*'• 

LIGHT 

EMITS 

PR  r-' A  PS 
NODES 

a 

rs  m 
c  r: 
u  c. 
in  o 

vj 

c 

n 

C  tn 
u  a 

U  o 
in  r: 

l:  n 

M  M 

U  hj 

TOTAL 

4.0  Interior  Finish 

4.1  Austere 

6.4  2 

5.89 

20.95 

20.95 

20.95 

5.46 

9.15 

4.2  Average 

7.35 

6 . 7 r 

24.00 

24.00 

24 .00 

6.25 

10.4! 

)  * 

4.3  Generous 

9.47 

8.69 

30.91 

30.91 

30.91 

8.05 

1.3.10 

5.0  Roof  System 

- 

- 

- 

- 

- 

- 

- 

6 . 0  Casework 

3.00 

2 . 00 

- 

- 

- 

- 

2.30 

7.0  ri noting 

6.00 

3.31 

- 

- 

- 

1.00 

4.36 

r 

Heating 

8.0  Ventilating  and 

Air  Conditioning 

8.1  All  Air/ 

Induction 

5.31 

5.35 

- 

- 

- 

9.28 

4.35 

8.2  All  Air/ 

Fan  Coil 

5.3C 

5.3C 

- 

- 

9.19 

4.31 

8.3  All  Air/ 

Incremental 

5.01 

5.01 

- 

- 

8.75 

4.10 

i? 

9.0  Electrical 

7. 5r 

5.61 

1.89 

1.89 

1.89 

1.89 

6.11 

r 

10.0  Elevators 

- 

- 

- 

- 

- 

- 

- 

♦Costs  of  tost  configuration. 
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INITIAL  cor"'  (TO) 


NGMII  TEST  CONFIGURATION: 


buildi  ;:g  system 

COST 

1.0  FOUNDATION  C  orn  1 1 ) 

$  3.00 

2 . 0  SUPERSTRUCTURE 

2.1  Stool  Frame:- ,  Concroto 

Fireproof .incj  l  S lab :: 

9.15 

3.0  EXTERIOR  V.T.TiL 

3.15 

/l  Q  y^'pi-p-;  t'T’.n  cmi 

4 . 2  Average 

12.60 

5.0  ROOF 

.85 

f.  .0  CASEWORK 

2.00 

7.0  PLt"  :BING 

3.60 

8.0  HEATING ,  VENTILATING  & 

air  conditio:-.  i.:;g 

8.3  All  Air/Incrernonta  1 

7 . 00 

9.0  ELECTRICAL 

6 . 55 

10.0  ELEVATORS 

1.10 

TOTAL 

S  49.00 
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APPENDIX  3.3-1 


MEDICAL  RECORDS  FLOW,  STO RACK  AND  RETRIEVAL 

Westinghouse  has  recognized  the  need  for  a  storage  and  retrieval  sub¬ 
system  that  is  capable  of  interfacing  with  larger  hospital  information  systems 
that  do  not  use  microfilm  as  a  storage  medium.  When  integrated  with  the 
hospital  information  system  such  a  sub-system,  as  will  be  described,  will 
greatly  enhaneo  the  ability  of  the  total  system  to  fulfill  the  user  requirements 
of  the  NGMIl. 

Present  System 

Figure  1  illustrates  the  conventional  flow  of  medical  records  in  the 
BLIIC  System,  starting  at  point  X  in  the  Admitting  Department.  Admissions 
personnel  check  a  file  or  computer  to  see  if  the  patient  has  any  previous 
records  on  file.  If  so,  a  file  request  is  sent  to  the  Medical  Records 
Department.  The  record  is  then  sent  to  the  appropriate  ward,  and  becomes 
part  of  the  patient's  chart,  which  is  periodically  updated  during  the  patient's 
stay.  When  the  patient  is  discharged,  there  is  a  time  delay  while  the 
physician  prepares  and  files  his  discharge  summary. 

Data  Flow  Problems 

Data  flow  problems  begin  when  Admissions  attempts  to  determine  the 
patient's  history’.  Perhaps  the  patient  was  previously  admitted,  but  records 
are  not  available.  If  it  can  be  established  that  the  patient  was  admitted 
before,  a  request  must  be  completed  and  sent  to  the  Medical  Records 
Department,  requiring  a  messenger  and  producing  a  time  delay.  The 
Medical  Records  Department  often  adds  to  delays  when  they  cannot  find  the 
record,  two  people  want  the  same  record,  the  record  is  already  out,  or 
the  record  was  never  refiled  from  the  last  time  the  patient  was  in  the 
facility.  Additional  problems  with  present  data  flow  are  detailed  on 
Figure  2. 
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Admit 


Ward  "D" 

Length 

of 

Stay 

Discharge 


* 


Physician1  s  Discharge 
Summary 


Refile 


FIGURE  1.  CONVENTIAL  MANUAL  SYSTEM. 
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Patient  previously  admitted, 
but  is  not  in  file 
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I  I<;i  Hi:  ;t„  T V I’ICA I .  I'HOHU  MS  WITH  IMtKSKNT  DATA  I'l.OW. 


Solutions  to  Data  Flow  Problems 


Using  the  integrated  iniormation  network  shown  in  Figure  3  ,  a 
computer  terminal  in  the  Admitting  Department  is  part  of  any  one  of  the 
ten  improvement  alternatives,  (pg.  3. 3-26).  To  determine  if  a  patient  has  been  in  the 
facility  before,  his  last  name  or  serial  number  is  entered  in  the  terminal 
by  typing  which  directly  accesses  a  computer  and  a  microfilm  storage 
device  capable  of  storing  up  to  25  million  pages  of  microfilm  information 
and  locating  any  given  record  within  seconds.  The  need  for  filling  out 
medical  record  requests  and  for  personnel  to  pull  medical  records  is 
eliminated,  as  records  are  automatically  retrieved  and  brought  to  the 
proper  location  for  duplication.  At  that  point,  a  microfilm  copy  is  made, 
and  the  stored  microfilm  returns  to  its  original  location.  Two  people 
can  access  the  same  record  simultaneously. 

After  retrieval,  a  microfilm  copy  is  sent  to  the  appropriate  nursing 
station  where  it  is  read  on  a  microfilm  reader.  During  the  patient’s 
stay,  patient  information  is  stored  in  the  computer  memory;  upon  his 
discharge,  the  physician's  summary  is  also  entered  into  the  computer 
memory  for  real  time  access. 

The  patient's  previous  medical  record,  on  microfilm,  and  his  new 
records  are  combined  upon  discharge.  The  microfilmed  medical  record 
is  destroyed  since  the  original  is  in  the  microfilm  storage  device.  The 
computer  creates  additional  microfilm  via  COM  (Computer  Output  Micro¬ 
film)  which  generates  additional  microfilm  copies.  If  a  COM  service 
bureau  is  used,  the  data  processing  center  electronically  sends  the  patient's 
record  by  telephone  lines  to  the  service  bureau,  which  in  turn  creates 
properly  indexed  microfilm,  returning  it  to  the  Medical  Records  Depart¬ 
ment.  Upon  receipt,  the  Medical  Records  Department  makes  a  duplicate 
microfilm  to  replace  the  outdated  patient's  record,  and  places  the  updated 
records  in  the  microfilm  storage  device.  Records  older  than  5  years  are 
automatically  purged  and  stored  on  master  microfilm,  considerably  reducing 
tho  space  now  needed  for  medical  records. 
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APPENDIX  3.3-2 
WARD  MANAGEMENT 
UNIY EKSITY  OF  MICHIGAN  STUDY 

TIk*  University  oT  Michigan  approach  was  used  to  evaluate  present 
staffing  and  organization  proeedures  to  determine  the  areas  in  whieh  quality 
and  cost  of  care  improvement  are  possible,  to  establish  criteria  lor 
measuring  improvement,  and  to  establish  a  data  base  from  which  staffing 
and  organization  proeedures  can  lie  reliably  and  efficiently  installed  in  a 
new  hospital. 

The  study,  then,  had  a  dual  purpose:  to  evaluate,  in  terms  of 
cost/quality,  staffing  ;uid  organization  as  it  presently  exists  and  to  apply 
these  data  to  determine  staffing  and  organization  needs  required  to  achieve  a 
defined  quality  level  within  a  specific  nursing  unit  or  hospital. 

Improvement  in  staffing  and  organization  is  a  function  of  cost  and 
quality  of  care.  Ideally,  any  study  recommendations  should  improve 
quality  and  reduce  cost;  in  practice,  this  dual  achievement  is  difficult. 

Cost  varies  directly  with  staff  size;  as  the  number  of  staff  hours 
per  patient  day  varies,  so  will  the  cost  per  patient.  Because  of  this 
direct  relationship,  staff  hours  per  patient  is  used  as  the  cost  base  in  this 
study. 

"Quality"  is  measured  by  the  level  of  service  provided;  it  cannot 
be  measured  quantitatively,  and  therefore,  is  measured  by: 

(a)  A  qualify  index  based  on  sample  observations  of  the 
presence  or  absence  of  certain  attributes  associated 
with  the  quality  of  patient  care  (See  Figure  5)99). 

(b)  Expert  judgment  by  professional  nurses. 

(c)  The  perception  of  nurses  working  on  the  patient  units 
concerning  qualify  of  care  on  their  unit. 
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WORK  SHEET 


Hospital  Unit 


Bed  No. 
Date 
T  i  me 


PATIENT'S  CHART 


Factor  No. 

YES 

NO 

NA 

.01 

Have  medications  been  given  as  ordered7  ------ 

Have  medications  been  charted  correctly?  -  -  -  -  - 

.02 

.03 

Are  reasons  for  and  effect  of  PRN .  STAY  and 
onetime  medications  charted  on  nurses'  cotes?  -  -  - 

.04 

Have  treatments  been  given  as  ordered?-  ------ 

.05 

Have  treatments  been  charted  correctly?  ------ 

.06 

Have  vital  signs  been  taken  as  ordered?  ------ 

.07 

Have  vital  signs  been  recorded  correctly?  -  -  -  -  - 

■  -  - 

.08 

Is  intake  and  output  re.ord  current?-  ------- 

.09 

Of  orders  are  not  carried  out,  have  pertinent 
comments  been  recorded?  -------------- 

.10 

Have  all  orders  been  dated  and  signed  by 
physician?-  -------------------- 

.  1  1 

Was  notification  and  response  of  physician 
charted?-  --------------------- 

.12 

Are  pertinent  recurring  activities  charted?  -  -  -  - 

.13 

Do  the  nursing  notes  reflect  existing  patient  or 
family  teaching7-  ----------------- 

.14 

Are  nurses'  notes  legible?-  ------------ 

.15 

Are  approved  abbreviations  being  used?-  ------ 

.16 

Are  recorder's  signature  and  initials  noted?-  -  -  - 

.17 

Is  the  patient's  full  name  recorded  on  the 
medication  card?-  ----------------- 

TOTAL 

Observer  comments  (reference  backup  information  if  available): 


Fig.  1  -Quality  evaluation  work  sheet 
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The  "quality  index"  is  a  quality  measurement  derived  from  statistical 
sampling  (not  "Statistical  Quality  Control"  as  defined  by  statisticians  or 
others).  The  procedures  for  estimating  (or  measuring)  quality  is  an 
adaptation  of  the  methodology  tested  at  VAII,  Long  Beach,  California  in 
19GG.  Specific  factors  reflecting  quality  have  been  developed  so  that 
random  samples  of  qualitative  data  can  be  collected  by  registered  nurses. 

Quality’  factors  utilized  include  patient  safety,  welfare,  comfort,  environ¬ 
ment,  and  specific  items  relative  to  continuity  of  care. 

In  all  previous  studies,  the  three  quality  measurement  methods  came 
to  similar  conclusions  when  evaluating  similar  nursing  units.  Because  of 
this  close  correlation  of  results,  Westinghousc  decided  to  utilize  only  the 
third  measurement,  working  nurse's  perception,  since  it  integrated  best 
with  the  data  inventory  methodology. 

The  questionnaire  used  to  evaluate  quality  is  contained  in  Appendix 
XII  of  the  Data  Inventory  volume.  Questions  regarding  education, age,  training, 
tenure,  impressions  of  job  activities,  working  conditions  and  overall  ratings 
of  patient  care  were  asked  of  professional  nurses,  corpsmen  and  administrators. 
Their  answers  were  used  to  evaluate  the  workings  and  quality  of  staffing 
and  organization  on  their  unit. 


General  Conclusions  from  Civilian  Study 

While  organizational  change  is  only  one  factor  affecting  cost  and 
quality,  it  is  an  important  one  in  that  it  can  enhance  the  quality/cost 
relationship  by: 


A-G3 


1.  Improving  staff  quality  (higher  education,  experience,  and 
training  normally  means  higher  quality). 

2.  Reducing  turnover  which  results  in  higher  performance. 

4.  Reducing  administrative  and  clerical  work  by  professional 
personnel. 

1.  Providing  participative  management  and  clear  job  descriptions 
which  lead  to  greater  personnel  satisfaction  and  higher  per¬ 
formance. 

5.  Eneou raging  integration  of  education  and  research  programs 
into  the  normal  workload. 

The  comparison  of  high-effieieney  to  low-effieieney  patient  units  at 
civilian  hospitals  resulted  in  the  following  conclusions; 

I.  Qualify  increases  as  non-professional  activities  are  transferred 
to  noil-professional  personnel. 

-.  High-effieienev  units  employ  participative  management  to  keep 
employees  informed  of  management  decisions  and  have 
supportive  supervisors. 

II.  Employees  in  high-effieieney  units  completely  understand 
their  responsibilities. 

4.  Employees  in  high  efficiency  units  have  longer  average  hours 
of  duty,  resulting  in  better  performance. 

5.  Personnel  satisfaction  is  highest  in  high  efficiency  units. 

Applying  The  University  of  Michigan  Study  to  Military  Hospitals 

Westinghouse  applied  the  principles  of  the  University  of  Michigan 
study  to  Walson,  Malcolm  Grow,  and  Beaufort  Hospitals  to  determine  the 
study's  applicability  to  military  hospitals.  The  identical  patient  unit 
questionnaire  was  used,  in  conjunction  with  extensive  interviews  with  Ward 
Masters  and  Unit  Nurses.  The  Westinghouse  conclusion  is  that  comparability 
is  high,  and  that  the  University  of  Michigan  procedures  can  be  applied  to 

military  hospitals  with  confidence. 
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APPENDIX  3.3-3 

SELECTING  ALTERNATIVES  FOR  COST/BENEFIT  ANALYSIS 
IN  THE  FIELD  OF  EDUCATION  AND  TRAINING 


Fifteen  improvement  alternatives  to  the  current  system  which  meet 
cost  and  effectiveness  criteria  to  varying  degrees  were  investigated  during 
state-of-the-art  and  data  inventory  studies. 

The  fifteen  improvement  alternatives  arc: 

A.  Programmed  Instruction 

1.  Linear  programmed  instructional  tests  PI(L) 

2.  Branching  programmed  instructional  texts  PI(B) 

3.  Linear  programmed  teaching  machines  TM(L) 

4.  Teaching  machines  with  branching  programmed  instruction  TM(B) 

B.  Learner  Centered  Audio  Visual  Devices 

5.  Sound  motion  pictures  Learner  Center  Devices  (Snd  MP) 

6.  Silent  motion  pictures  Learner  Center  Devices  (Sil  MP) 

7.  Sound  filmstrips  Learner  Center  Devices  (Snd  FS) 

8.  Sound  filmstrip  cartridge  (Snd  FS  Cart) 

C.  Instructional  Television 

9.  Closed  circuit  television  without  feedback  (CCTV  w/o  f) 

10.  Closed  circuit  television  with  feedback  (CCTV  w/f) 

11.  Video  tape  recording  and  playback  systems  (VTR) 

D.  Dial  Access  Information  Retrieval  Systems  (DAIRS) 

12.  Scheduled  audio  only  (DAIRS  A) 

13.  Scheduled  audio-video  DAIRS  (A/V) 

14.  Random  audio-video  DAIRS  (R) 

E.  Computer  Assisted  Instruction 

15.  Computer  based  teaching  machines  with  branching  and  sound 
motion  picture  capabilities  (TM-  B-Snd  MP) 
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The  alternatives  were  evaluated  in  terms  of: 


A.  Effectiveness.  Effectiveness  of  an  alternative  is  the  extent  to 
which  it  facilitates  or  constrains  student  stimulus,  response,  evalua¬ 
tion,  and  prescription,  all  of  which  can  be  further  divided  into  dimensions 
and  attributes.  'Fable  I  quantitatively  evaluates  relative  effectiveness  by 
assigning  a  numerical  weight  to  each  attribute  by  facilitating  or  con¬ 
straining  traits. 

A  plus  number  is  used  if  the  attribute  facilitates,  a  minus  number  if 
the  attribute  constrains  student  stimulus,  response,  evaluation  and 
prescription.  A  composite  rating  is  the  sum  of  the  four  numerical 
evaluations. 

B.  Cost.  Table  II  depicts  the  relative  importance  of  personnel, 
materials,  equipment,  and  facilities  costs  to  total  costs.  Table  III 
depicts  the  student  hour  costs  of  each  alternative,  based  on  average 
initial  and  operating  eosts  to  provide  150,  450  and  1350  hours  of 
instruction  to  200,  GOO  and  1800  students. 

C.  Sensitivity  Index.  A  sensitivity  index  was  established  to  determine 
each  alternative's  sensitivity  to  changes  in  student  load  and  course 
duration.  The  index  is  based  on  the  assumption  that  as  student 
numbers  increase  costs  decrease  if  the  same  presentation  is  shared 
by  the  additional  students. 

Table  IV  shows  sensitivity  indexes  for  each  alternative.  The  more 
feasible  alternatives  are  those  which  show  the  greatest  economies 
with  increased  student  load  or  duration;  they  carry  the  highest  index 
numbers. 

Conclusions 

Table  V  summarizes  the  evaluation.  The  alternatives  were  regrouped  by 
number  of  encoding  forms  available,  a  measure  of  flexibility.  Group  A  is  the 
most  flexible,  Group  D  the  least.  Other  evaluation  criteria  include  the 
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Table  I :  Relative  Effectiveness  of  Various  Media 
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Table  U  Relative  Significance  of  Various  Support  Requirements 
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Tablet!!:  Student  Hour  Costs  of  Various  Media 
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Per  student  hour  based  on  an  average  student  load  of  600  student  for  450  hours . 


Table  V:  Comparative  Analyses  af  All  Reviewed  Media 


MEDIA 

^  of  Encoding  Forms 

Learner  Paced 

Group  Scheduled 

Learning  Materials 

Production  Costs 

Learning  Materials 

Sensitivity  Index 

Summary  Cost 

Summary  Cost 

Sensitivity  Index 

TM  (B  Snd  MP)  * 

5 

X 

■ 

CAI  * 

5 

X 

HI 

VTR 

5 

1 

N/A 

N/A 

1  .40 

■LB 

DAIRS  (A/V) 

5 

B9 

2.4 

1  .33 

SPH 

CCTV  (w/a  f) 

5 

n 

2.34 

5.5 

2.43 

CCTV  (w/f) 

5 

1 

2.23 

3.2 

2.37 

■ 

DAIRS  (R)  ° 

n 

n 

■ 

TM  (B) 

mm 

1.02 

.5 

7.42 

.006 

TM  (L) 

n 

IS 

■itli 

.57 

.8 

1 .75 

.016 

LCD  (Sn  FS) 

H 

mm 

fl 

2.86 

1.0 

6.56 

.003 

LCD  (Sil  MP) 

mm 

IS 

17.14 

.8 

43.40 

.0006 

LCD  (Snd  FS  Carl 

H 

Mjl 

2.86 

.6 

16.25 

.002 

LCD  (Sn  MP) 

1 

H 

17.76 

.6 

59.92 

.0002 

PI  (B) 

3 

X 

.85 

3.5 

.97 

mm 

PI  (L) 

3 

X 

.76 

3.3 

.84 

1  11 

DAIRS  (A) 

n 

D 

.64 

2.5 

.81 

1.16 

■ 

*  These  two  media  are  out  of  the  competitive  cast  range  as  a  result  af  their  early 
experimental  and  development  stages. 


o 


A  recent  breakthrough  in  scan  conversion  technology  makes  random  dial  access  a 
distinct  possibility  by  1972. 


A-71 


alternative's  ability  to  be  li'iimer  paced  and  group  scheduled,  and  the  cost  of 
producing  learning  materials  per  student.  Specific  conclusions  arc: 

1.  There  are  direct  relationships  between  learning  materials  format 
and  production  costs. 

2.  HAIRS  (A)  lias  the  most  favorable  summary  cost  and  summary  cost 
Index,  liowc  cr,  these  advantages  arc  outweighed  because  this  alternative 
can  onl\  !)(>  group  scheduled. 

2.  The  variety  of  encoding  forms  is  contingent  upon  learning  materials 
formats. 

■1.  OAI  is  the  only  alternative  offering  five  encoding  forms  plus 

individualized  instruction,  making  it  highly  effective  and  flexible. 

It  is,  however,  experimental  and  therefore  expensive. 

•r>.  Generally,  the  ability  to  individualize  instruction  is  coupled  with 
high  materials  and  summary  costs,  and  a  low  cost  sensitivity  index, 
with  the  exception  of  programmed  instruction. 

(i.  Non-automatcd  formats  (Group  C)  have  lower  costs. 

Final  Selection 

On  the  basis  of  the  data  on  Table  V,  selections  for  detailed  analysis  are: 

1.  PI(B) 

2.  LCD  (Snd  FS  Cart) 

2.  CCTV  -  vv  o  FB 

•1.  VTR 

5.  DAIRS  (A/V) 

(>.  TM  (B  Snd  MP)  computer  based 
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APPENDIX  3.4-1 

DESIGN  PHILOSOPHY  -  PAIRWISE  OPTIMIZATION  PROGRAM 
Adjacency  Program  Need 

The  total  distance  traveled  between  clinics  is  one  measure  of 
adjacency  effectiveness.  If  one  assumes  that  all  trips  are  necessary,  the 
problem  is  then  one  of  minimizing  the  total  volume  of  flow  from  each  area 
times  the  distance  between  origin  and  destination.  The  optimal  solution 
for  minimal  How  in  an  ambulatory  zone  of  15  clinics  would  require  the 
examination  of  1,307, 074, 5(58,000  combinations  of  layouts.  A  Wcstinghouse 
computer  program  reduces  the  computational  time  by  systematically  com¬ 
paring  pairs  of  areas,  switching  them  until  no  further  trade  reduces  the 
total  flow.  Although  such  a  solution  may  not  be  optimal  (since  not  all 
possible  combinations  are  examined)  it  docs  provide  a  method  of  quickh 
determining  an  improved  layout,  or  of  verifying  that  the  original  layout 
submitted  was  a  sound  one. 

ASSUMPTIONS  FOR  BASE  "X"  AMBULATORY  ZONE  ADJACENCIES 

1.  Major  flows  in  the  ambulatory  zone  will  be  those  of  patients,  doctors, 
and  hand-carried  communications  G 

2.  The  unit  "costs"  for  physicians,  patients,  and  communications  flows 
were  set  equal  and  valued  at  one  unit  (i.e.,  the  program  optimizes 
flow  volume  only,  not  the  cost  of  flow),  except  in  one  example,  where 
the  physician  flow  was  made  GO  times  more  important  than  the  others, 
to  determine  the  effect  on  adjacency. 

3.  Clinics  and  service  areas  to  be  included  in  the  first  level  ambulatory 
zone  are: 


*  The  program  can  handle  more  flows  than  these  (e.g. ,  materiel  handling' 
if  provided  with  an  input  matrix. 
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\reas 


Abbreviations 

Initial  Computer  Run _ Revised  Computer  Ran 


1  me  rgency 

FR 

FR 

Medical  Specialty 

MDl,  MD2 

MFI) 

Medical  Records 

MR 

MR 

Neuropsychiatry 

NP 

NP 

( >11  'CO  N 

on 

on 

Ophthalmology 

OPL 

FYF 

Orthopedies 

OP1,  OP2 

OUT 

Pediatries 

Pl)l ,  PD2 

PFD 

Surgical 

SIR 

SUR 

Medical  Walk-in 

WLK 

WLK 

Clinical  Laboratory 

CL1,  CL2,  CL3 

CL 

Pharmacy 

PIIR 

PHM 

Radiology 

RD1,  RD2,  RD3 

RAD 

Primary  Klevator  Shafts 

WM1,  WM2 

ELI,  EL2 

Patient  Service  (e.g. , 

Post  Office,  Recreational 

Areas,  Px,  ete.) 

PS1,  PS2,  PS3 

PS 

Dental,  located  on  the  first 

floor,  has  minimal 

relation  to  the 

other  clinics,  and  was  positioned  in  the  layout  where  it  most 
effectively  handles  its  own  patient  workloads. 

4.  Assumptions  for  various  flows  were  as  follows: 

PATH: NT  FLOW 

a.  Flow  From  Parking  Lots  to  Clinics;  The  design  philosophy 
assumes  that  patients  with  scheduled  visits  will  park  near 
the  clinic  thev  are  to  visit,  and  go  directly  to  that  clinic. 
Thus,  adjacency  is  not  affected  (assuming  clinic  entrances 
are  well  marked). 
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First  visit  referrals  to  a  walk-in  clinic  are  assumed  either 
to  be  treated  in  the  walk-in  clinic  or  scheduled  to  return  another 
das  to  the  appropriate  clinic.  1'he  same  day  referral  from  walk- 
in  to  another  clinic  (other  than  service  area)  was  assumed  negligible. 

b.  Flow  Between  Clinics:  Fxeept  for  unusual  circumstances  (e.g.  ,  the 
necessity  for  a  same  day  consultation  to  another  clinic),  there  is  no 
flow  of  patients  between  clinics.  In  this  example  it  is  assumed 
negligible  in  comparison  to  flows  to  service  areas. 

c.  Flow  Between  Clinic  and  Service  Areas: 

•  To  Radiology 

The  demand  model  prediction  for  films  exposed  at  Base  "X" 

al  ^0  *S#  (Printout  of  5/22/70): 

Annual 

Type  Number 

of  Films 

_ Exam _ Exposed  4  Avg.  Films/Proeodurc  Number  Patients 

Fluoroscopic  20,712  -f-  10  2,(i71 

Other  170,324  3.5  48,700 

TOTAL  51,371 

51,371  annual  visits  52  vveeks/vear  990  visits  per  week. 

The  following  clinic  flow  was  based  on  a  09  day  sample  of  the  Radio- 
fluoroscopic  log,  Beaufort  Naval  Hospital: 


Clinic 

7c  of  Flow 

Corresponding  Base  "X”  Flow  (weekly) 

Dental 

1% 

10 

Eye 

0 

0 

Emergency 

12 

118 

Medical  (walk-in 

34 

330 

and  specialty')* 

ob/gyn 

0 

0 

Ortho 

14 

138 

Peds 

1 

10 
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(Coin’d) 


Clinic  r  of  Flow 


Surg.  (incl.  I  rolog\  I 

and  I’M) 

Dispensaries  .‘i 

Wards  :i() 

Neuropsvehiat  ric  ‘  *  ’  0 


Corresponding;  Rase  "X"  Flow  (weekly) 
30 

:io 

2i)G+  * 

0 


'  Split  >0-f>0  m  matrix  between  Med.  Specialty  and  Walk-in. 

*  Split  r>0-r><)  between  HI. I  (intensive)  and  Fl,2  (light  care)  elevators. 

*  Ileanl'ort  had  no  N  I*  elinie.  Assuming  tha*  Base  "X"  has  no  such 
clinic,  Hie  trips  from  X  P  to  Radiology  may  be  set  to  0. 

Assume  that  orthopedies  Hows  are  2  way  (c.g.  patient  waits  for  film, 
orthopod  interprets  that  day),  1/2  of  walk-in  films  are  two  way,  and 
all  others  are  one  way: 


From  Radiology 

visits  ; 

Orthopedics 

138 

Walk-in 

8(; 

Wards 

200 

All  Other 

0 

•  To  Medical  Records 

Each  walk-in  patient  picks  up  his  record  and  returns  to  the 
walk-in  clinic.  This  equals  700  per  week.  Emergency  patients 
have  records  picked  up  by  corpsmen  (see  hand-carried 
Communications), 

•  To  Clinical  Laboratories 

There  arc  an  average  of  .44  procedures  per  outpatient  visit 
(Air  Force  Medical  Management  Data,  FY07).  Total  outpatient 
visits  =  320,1 01  forBaseMX"x  .44  140,870  chits.  (Since 

"procedures"  "chits"  in  Air  Force  reporting.)  Assuming  that 
for  even  chit  there  is  a  laboratory  specimen  obtained;  then: 
140,870  chits  140,870  trips  to  lab.  -4-  52  weeks  per  year 

2570  trips/week. 
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The  following  breakdown  by  elinie  was  obtained  from  Andrews 


AF235  Annual 

Sum  man'. 

No. 

FY07: 

Specimens 

rJ  Total 

Base  "X"  (weekly) 

Emergency 

27,042 

13 

300 

Medical  * 

55,557 

20 

720 

OB/GYN 

47, 047 

22 

000 

Orthopedics 

8,045 

4 

110 

Pediatrics 

35,874 

10 

440 

Surgery 

31,391 

14 

380 

Eye 

575 

0 

0 

N/P 

5,048 

2 

00 

If  one  assumes  that  light  care  inpatients  going  to  the  laboratory 
have  a  specimen  drawn  an  average  of  every  otherday,  then  there  arc 
75  trips  per  day  or  375  trips  per  week  from  light  care  wards 
(elevator  2). 

Return  Trips: 

The  inpatients  return  to  the  wards,  the  outpatients  return  to  their 
residencies. 


•  To  'pharmacy 

Total  Prescriptions,  Base  "X" _ Annual  4  52  =  Weekly 

Outpatient  373,777  7,180 

Inpatient  288,144  5,500 

85,032  1,080 

*  Split  50-50  between  walk-in  and  specialty. 
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Inpatient  prescriptions  are  picked  up  1>\  ward  personnel.  The  break¬ 
down  In  clinic  comes  from  an  average  of  the  three  primary  study  hospitals 
(liefer  to  Patient  Mow  matrices,  Data  Inventory  volatile).  Assuming  that 


one  outpatient  prescription 

one  trip  to  pharmacy 

(with  no  return): 

r 

from  Study  Hospitals 

Base  "X"  Weekly 

E  mergency 

S't 

•MO 

1  ye 

•>r 

110 

Medical  ‘ 

3  o' 

1.080 

Surgical 

10' 

550 

OB/C.YN 

13'{ 

715 

Orthopedics 

2^ 

110 

Pediatrics 

2Vi 

1320 

Neuropsychiatric 

•>(" 

110 

Other 

or 

110 

cl.  Flow  Betyveen  Wards  and  Clinics: 

clinic  visits  yvas  averaged  for  the 

and  equated  to  Base  "X": 

To  Clinic  Inpatient  Total  Wk. 

The  percentage  of  inpatient 

three  primary  study  hospitals 

Visits  #Inpt.  Visits  ELI** 

EL2** 

Emergency 

0 

0 

0 

0 

Medical  Specialty 

•> 

700 

16 

8 

8 

Neuropsyehiatrie 

•10 

275 

110 

0 

110 

Pediatrics 

0 

0 

0 

0 

OB/GYN 

0 

0 

0 

0 

live 

5 

210 

10 

0 

10 

Orthopedics 

5 

4*5 

24 

12 

12 

Surgical 

0 

35)0 

23 

12 

11 

Walk-in 

0 

0 

0 

0 

*  Breakdoyvn  into  Walk-in  specialty  assumed  50-50  split. 

**  Breakdoyvn  into  intensive  (FI.l)  and  light  (KF2)  elevators  is  arbitrary'. 
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PHYSICIAN  FLOW 


a.  Elevator  1  flow 

•  To  operating  room;  labor  and  delivery 

Assume  3320  operations/year  (from  three  primary  hospitals 
studied) 

Assume  --  clinic  contribution  equals  surgical  procedure 


allocation  in  Beaufort  data  pack. 


Specialty 

Percentage 

Procedure 

Procedures/Day 

General  Surge ry* 

34% 

1140 

4 . 5 

Orthopedics 

18% 

597 

2.35 

Gy  ne  colog)' 

10% 

332 

1.30 

Obstetrics 

1955 

5.35  (7  days/wk.) 

Prolog)' 

9% 

299 

1.18 

ENT 

15% 

498 

1.96 

Eve 

4% 

133 

.52 

Dental 

1% 

33 

.13 

Pediatrics* 

5% 

166 

.  05 

Assume  physicians 

go  from  office  to  OR  and  return 

to  office  for 

each  operation  (max.  condition) 

then: 

Trips  per  week  (5  day  week) 

From  Clinics  to  OR 

From  OR  (L&D) 

(L&D) 

to  Clinics 

Surg.  (inel.  ENT  and  Urology) 

38 

38 

Orthopedics 

12 

12 

OB/GYN 

44 

44 

Pediatrics 

3 

3 

Eye 

3 

3 

Dental 

1 

1 

Emergency  —  assume  10%,  of 

treatment  =  4  visits  per  week. 

emergency 

visits  require  operatory 

*  Pediatrics  broken  out  from  General  Surgical  from  one  month  sample 
of  Beaufort  OR  log  (Oet.  1909)  where  13%  of  general  surgical  load 
was  pediatric. 
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•  To  nursery  —  Pediatrician  checks  new  born  babies,  once  if 
normal;  2-3  times  if  abnormal,  assume  an  average  of  1.2 
times  per  birth,  or  45  trips  per  week  90  round  trips. 

•  To  ICU  -  CCU 

Patient  census  in  ICU  -  CCU:  27 

Assume  physician  checks  patient  during  routine  ward  rounds 
(already  included  under  trips  to  wards)  and  then  returns  one 
more  time  during  the  day.  Also  assume  physician  in  EDR 
checks  patient  in  ICU-CCU  if  admitted  for  surgery. 

Assume:  Number  of  Physicians  equal: 
l  orthopedic 

7  medical  cover  ICU-CCU  1  extra 

3  surgical  visit  per  day  (max.  condition) 

1  pediatrician 
Visits  from  EDR  to  ICU 


Assume  of  the  43  visits  per  week  that  10%  must 
go  through  ICU.  This  would  then  require  4  trips 
by  physicians  in  Emergency  to  ICU. 


Specialty  Physician 

Trips  per  Week 

To  ICU 

Return 

Orthopedic 

5  trips 

5 

5 

Medical  Specialty 

35  trips 

35 

35 

Surg 

15  trips 

15 

15 

Peds 

5  trips 

5 

5 

•  To  Wards 

Assume  2  trips  per  day  per  physician,  between  elevator  1 
and  elevator  2.  Number  of  physicians  in  outpatient  clinics 
(based  on  current  criteria)  is  as  follows: 
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Clinic/Area 

Physician 

Weekly  Trips 

OB/GYN 

5 

25 

Ortho 

6 

30 

Eye 

3 

15 

N/P 

8 

40 

Med.  Specialty 

13 

65 

Surgical 

5 

25 

Pediatrics 

8 

40 

Walk-in 

4 

20 

Emergency 

1 

5 

53  physicians  =  265  elevator  trips 


•  To  Radiology  from  Wards: 

Assume  2  physicians  go  to  Radiology  once  a  day  for 
consultation  with  the  Radiologist  or  10  trips  per  week. 
Total  Elevator  #1  Flow: 


Clinic/Area  OR  and  L&D  Nursery  ICU/CCU  Wards  Total 


To 

From 

To 

From 

To 

From 

To 

From 

To 

From 

Emergency 

4 

4 

0 

0 

4 

4 

5 

5 

13 

13 

Medical  Specialty 

0 

0 

0 

0 

35 

35 

65 

65 

100 

100 

Neuropsychiatry* 

0 

0 

0 

0 

0 

0 

40 

40 

40 

40 

OB/GYN 

44 

44 

0 

0 

0 

0 

25 

25 

69 

69 

Eye 

3 

3 

0 

0 

0 

0 

15 

15 

18 

18 

Orthopedics 

12 

12 

0 

0 

5 

5 

30 

30 

47 

47 

Pediatrics 

3 

3 

45 

45 

5 

5 

40 

40 

93 

93 

Surgical 

38 

38 

0 

0 

15 

15 

25 

25 

78 

78 

Walk-in 

0 

0 

0 

0 

0 

0 

20 

20 

20 

20 

Radiology 

10 

10 

*  No  neurosurgeon  at 

Base  "X" 

1 

• 
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b.  Elevator  #2  flow 


•  To  wards  =  as  in  Section  a,  265  trips  each  way. 

•  To  administrative  areas: 

Assume: 

Chief  of  clinic  -  1  per  day  =  5  per  week 
Other  physicians  -  1  per  week 

•  Total  Elevator  #2  flow: 


Clinic/Area 

To 

Wards 

From 

To 

Admin. 

From 

To 

Total 

From 

Emergency 

5 

5 

1 

1 

6 

G 

Medical  Specialty 

65 

G5 

17 

17 

82 

82 

Neuro  Psychiatrist 

40 

40 

12 

12 

52 

52 

ob/gyn 

25 

25 

9 

9 

34 

34 

Eye 

15 

15 

7 

7 

22 

22 

Orthopedics 

30 

30 

10 

10 

40 

40 

Pediatrics 

40 

40 

12 

12 

52 

52 

Surgical 

25 

25 

9 

9 

34 

34 

Walk-in 

20 

20 

4 

4 

24 

24 

c.  To  Radiology 

Orthopedic: 

Assume  1  trip 

per  day  by  one 

physician  to  dis- 

cuss  a  case  with  Radiologist  =  5  per  week 


Medical  Specialty:  Assume  10  physicians  visit  Radiology  an 

average  of  every  other  day  =  30  visits/week 

Surgery:  Negligible 

Pediatrics:  Assume  cne  physician  once  a  day  =  5  per  week 
Medical  Walk-in:  Assume  one  physician  a  day  »  5  per  week 
d.  To  Clinical  laboratory  —  Negligible 

c.  To  Pharmacy:  negligible 

HAND-CARRIED  COMMUNICATIONS* 
a.  Medical  Records 

•  Medical  Records  to  Clinic  l  trip/day  =  5  trips /week 
Clinic  returns  records  1  trip/day  =  5  trips/week 

♦Normal  administrative  communiques  not  included. 
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•  Walk-in  to  Medical  Records  -  Picked  up  by  patients 
(See  Patient  Flow) 

•  Emergency  room  to  Medical  Records 
32  trips/day  x  7  days  =  224  per  week 

Return  of  signed  laboratory  and  radiology  results  are  batched  and 
brought  back  with  records  -  no  addiiional  trips. 

b.  Clinical  Laboratory 

Patients  carry  chits  to  laboratory  to  have  blood  samples  drawn 
(see  patient  flow).  "Stat"  results  are  telephoned  to  appropriate 
clinic  (no  hand-carried  volume).  Routine  results  taken  to  clinic 
once  a  day  =  5  per  week. 

c.  Radiology 

•  Routine  results:  batched  and  sent  to  appropriate  clinic  once 
a  day  =  5  per  week. 

•  Stat  results:  carried  with  the  patient  who  waits  for  results 
or,  if  the  X-ray  requires  a  Radiologist  the  results  are  tele¬ 
phoned  to  the  appropriate  clinic. 

•  Requests  for  previous  X-ray  films: 

At  Beaufort,  there  are  an  average  of  200  patients  per  week  (69 
day  log  sample);  70  X-ray  envelopes  are  requested  per  week  (inter¬ 
view  estimate):  Thus,  70/210  =  33  %  of  patient  load  is  an  estimate 
for  the  number  of  X-ray  envelopes  requested.  Assuming  that  clinic  re¬ 
quests  for  old  films  follow  the  same  percentage  as  the  breakdown  by 
patient  visits,  the  film  request  is: 


Clinic 

Weekly  Patient  load  .  x  .33  = 

Films  Requested/Week 

Emergency 

1  l  8 

39 

Walk-in 

1  78 

59 

Med.  Specialty 

1  78 

59 

Ortho 

1  38 

46 

Pediatrics 

10 

3 
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Clinic 


Weekly  Patient  load  x  .33  =  Films  Requested/Week 


Surgical 

39 

13 

ELI 

148 

49 

EL2 

148 

49 

Others 

0 

0 

The  reports  are  batched  and  returned  at  the  end  of  the  day  =  5 
trips  per  week, 
d.  Pharmacy 

•  Outpatient  prescriptions:  carried  to  pharmacy  by  patients 
(see  patient  flow  matrix). 

•  Inpatient  prescriptions:  come  down  in  the  morning  and  are 
returned  by  pharmacy  personnel  in  the  afternoon. 

To  pharmacy  (with  return)  ELI:  One  trip/day  from  each 
ward,  assuming  a  configuration  of  6  wards  at  2  levels  =  8 
per  day  =  40  per  week. 

EL2:  One  trip/day  from  each  ward  =  4  per  day  =  20  per 
week. 

5.  Clinic  sizes  for  Base  "X”  are  those  determined  from  existing  DoD 

criteria.  For  adaptation  to  the  program,  the  sizes  were  modularized 
into  multiples  of  squares  from  center  of  square  to  center  of  square. 
The  area  approximations  from  Run  Number  One  assumed  the  clinics 
would  be  multiples  of  4,000  sq.  ft.  blocks. 


Clinic  name 

Actual  area 

Units  assigned 

Remaining  area 

Emergency 

2380 

1 

-1620 

Medical 

8590 

1 

+590 

Medical  Records 

2670 

1 

-1330 

Neuro/Psychiatry 

3600 

1 

-  4  0 

OB/GY  N 

5760 

2 

-2240 

Ophthalmology 

2950 

l 

-1050 
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Clinic  name 

Actual  area 

Remaining 

area 

Orthopedics 

8700 

2 

+700 

Pediatrics 

G910 

2 

-1090 

Surgical 

4980 

1 

+980 

Walk-in 

4850 

1 

+850 

Clinical  laboratories 

10G00 

3 

-1400 

Pharmacy 

5510 

1 

+1510 

Radiology 

13G20 

3 

+1620 

ELI 

2700 

1 

-1300 

EL2 

2700 

1 

-1300 

Patient  Services 

11700 

3 

-  400 

11,620 

.  27 

+6750 

-12130 

G.  The  initial  layout  consisting  of  the  idealized  areas  is  shown  as  follows: 


WLK  CL  3  OPL 

MD!  MD2  CL  1  CL2  NP  DEN 
MR  WM!  PHR  PS1  PS3  WM2 
ER  OPI  RD1  PS2  OBI  PD1 
SUR  0P2  RD2  RD3  0B2  PD2 


7.  Elevators  1  and  2  are  fixed  in  location 

8.  All  vertical  flow  takes  place  through  primary  nodes. 

INITIAL  RUN 

From  these  initial  criteria,  the  following  computer  runs  were  made: 
•  Adjacency  considering  all  flows: 


PD2 

PDl 

CL  3 

CL  2 

CL! 

RD3 

SUR 

PS2 

PS! 

PS3 

CPL 

RD2 

WM  1 

0B2 

OBI 

NP 

WM2 

RD1 

MD1 

MD2 

PHR 

ER 

DEN 

0P2 

0P1 

WLK 

MR 
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•  Adjacency  considering  only  patient  flow: 

PD  1  PS?  PSI  P S3  NP 
PD2  SUR  MD1  CL  1  OPL 
OBI  WMl  RD3  MD2  CL2  WM2 
OB2  RD2  RU !  PHR  CL3  ER 
OP1  0P2  ULK  MR  DEN 


•  Adjacency  with  doctor  flow  multiplied  by  60: 


OPl  0P2  PSI  PS2  PS3 
RD3  SUR  PD2  PDl  OPL  ER 
RD2  WM 1  MD2  NP  DEN  Wi2 
RD1  WLK  MDI  MR  CL2  CL  I 
0B2  OBI  PHR  CL 3 


Since  the  solutions  arc  dependent  upon  the  initial  layout,  several  runs 
were  made  using  different  input  layouts.  Only  the  results  of  the  runs 
giving  lowest  total  flow  are  presented  here.  The  problems  which  resulted 
with  the  output  as  it  existed  in  the  first  runs  were: 

1)  Clinics  with  high  expansion  capability  were  sometimes 
placed  in  non-expandable  areas  (i.e.,  the  center  zone 
of  the  building). 

2)  The  block  sizes  did  not  correspond  dimensionally  with 

the  original  architectural  scheme  of  300'  primary  elevator 
separation,  and  often  clinic  areas  were  placed  into  central 
corridor  space,  hindering  architectural  conversion  into  plan 
drawings. 

REVISED  RUN 

A  new  layout  was  idealized,  constraining  those  areas  with  the  least 
need  for  expansion  to  the  center,  and  allowing  the  others  to  move  about 
the  perimeter  until  the  best  arrangement  for  flow  was  achieved.  The 
constrained  areas  arc: 

Medical  Records 

Primary  elevator  nodes  (ELI  and  EL2) 

Pharmacy 


Patient  Services  (PS) 
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The  revised  initial  layout  for  the  computer  optimization  study  is  shown 
below: 


Mfc  b 

vi  t  D 

CL 

CL 

CL 

tYL  \f 

b  P 

>i  i. 

H  1 

HHM 

PL 

PL 

HL 

tLP 

SLH 

OKI 

OKI 

h  A  | ) 

f-.AI 

UR 

Pbl) 

CONCLUSIONS 

The  computer  solution  of  adjacency  is  only  as  good  as  the  flow 
volumes  which  it  is  given  to  manipulate.  The  data  collected  by  Westing- 
house  observers  allowed  a  realistic  picture  of  flow  for  this  example. 

More  importantly,  the  computer  is  easily  adapted  to  different  flows  whose 
effects  on  adjacency  can  readily  be  seen.  Three  such  changes  were  pro¬ 
grammed  for  Base  "X"  at  T^: 

Run  #1:  Combined  pnysician,  patient  and  hand-carried  communi¬ 
cations  flow. 

Run  #2;  Patient  flow  only  (i.e.,  simulating  the  situation  where 
doctors  were  organized  around  a  group  practice  and  did 
not  have  to  move  from  their  clinics,  and  where  the  need 
to  hand-carry  communications  was  eliminated  by  communi¬ 
cations  technology). 

Run  #3:  Physician  flow  multiplied  by  60.  (i.e.,  simulating  a 

design  emphasizing  ease  in  doctor  movement). 

•  Adjacency  considering  all  flows: 


RAD 

RAD 

RAD 

MED 

MED 

SUR 

EYE 

NP 

WLK 

MR 

EL! 

PHM 

PS 

PS 

PS 

EL2 

ORT 

ORT 

ER 

PED 

OB 

CL 

CL 

CL 
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Adjacency  considering  only  patient  flow: 


RAD 

RAD 

RAD 

MED 

MED 

ER 

EYE 

NP 

WLK 

MR 

ELI 

PHM 

PS 

PS 

PS 

EL  2 

ORT 

ORT 

SUR 

PED 

OP 

CL 

CL 

CL 

•  Adjacency  considering  doctor  flow  multiplied  by  60: 

CL  CL  OB  ER  MED  MED  EYE  NP 

CL  MR  ELI  PHM  PS  PS  PS  EL2 

ORT  ORT  SUR  PED  WLK  RAD  RAD  RAD 

The  main  advantage  of  this  program  is  its  ability  to  predict  the 
effects  of  changes  in  flow  before  construction  or  operation.  There  are 
other  factors  which  may  dictate  adjacency  besides  flow  volumes.  This 
program  is  one  of  many  tools  to  be  used  in  the  evolvement  of  a  final 
design. 
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DYNAMIC  PROGRAMMING 


APPENDIX  3.4-2 

Dynamic  programming  has  been  previously  applied  to  the  problem  of 

1,2 

long-range  planning  in  the  presence  of  uncertainty.  Here,  the  planning 
of  both  the  initial  facilities  and  the  strategies  for  expansion  of  health  eare 
facilities  in  the  presence  of  uncertainty  about  future  demand  is  formulated 
as  a  dynamic  programming  problem.  The  entire  planning  interval  is 
divided  into  subintervals.  At  discrete  points  in  time  (which  define  the  sub¬ 
intervals),  a  decision  is  made  concerning  the  expansion  of  facilities  during 
the  succeeding  subinterval.  The  objective  function  at  each  decision  point 
is  the  minimization  of  expected  life  cycle  costs  for  the  remaining  portion 
of  the  planning  interval.  The  life  cycle  costs  are  composed  of  acquisition 
costs  (initial  construction,  expansion  and  equipping  costs),  operating  costs 
(all  costs  other  than  acquisition  costs  incurred  in  the  operation  of  the 
facilities),  and  penalty  costs  (for  having  insufficient  capacity).  Dynamic 
programming  is  used  to  determine  the  optimum  strategy  for  sequentially 
expanding  (or  modifying)  from  one  design  to  another,  such  that  expected 
costs  are  minimized.  This  optimum  expansion  strategy  is  given  in  the 
form  of  a  decision  table  for  each  planning  point  in  time.  These  tables 
give  the  optimum  strategy  as  a  function  of  the  current  patient  load  and 
health  care  facility  configuration.  The  health  care  system  has  light  care, 
moderate  care,  intensive  care,  and  outpatient  capabilities.  Two  state  variables, 
c(t)  and  d(t)  model  the  facility  and  the  patient  demand, where 
c(t)  *  configuration  of  system  at  time  t 
d(t)  -  total  patient  demand  at  time  t 
t  =  0,  1,  2,  ...  N  (discrete  planning  times) 

The  vector  p(t)  is  defined  by 

p(t)  =  q(t)  d(t)  (1) 

where  the  components  of  p(t)  are  intensive  care,  moderate  care,  light  care, 
and  outpatient  demands.  q(t)  determines  the  relative  numbers  of  patients  in 
the  different  categories.  This  approach  is  taken  for  modeling  the  demand, 
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instead  of  using  a  different  state  variable  for  each  type  of  demand,  to  obtain  a 
computationally  feasible  dynamic  programming  problem. 

The  demand  state,  d(t),  is  defined  by  a  Markov  process. 
d(t+l)  =  f  (d(t),  r(t),  (t)  -  a(t)  d(t)  +  r  (t)  (2) 

where  a  (t)  is  a  specified  function  of  time  and  r(t)  is  a  discrete  stochastic 
variable.  This  model  projects  demand  at  time  t  +  1  based  on  the  demand  at 
time  t  but  not  on  earlier  demands,  t-1,  t-2,  etc.  a(t)  is  the  deterministic  portion 
of  the  projection,  and  r(t)  represents  the  uncertainty  or  "fuzziness”  associated 
with  the  projection. 

The  configuration  state,  c(t),  is  defined  by  the  relationship 
c(t  k  s)  =  e(t)  +  u(t) 

where  u(t)  is  the  decision  variable  which  changes  the  configuration.  A  is  the 
delay  encountered  between  the  time  that  u(t)  changes  the  availability  of  c(t  +  s). 
The  delay  may  bo  a  function  of  both  the  configuration  and  the  decision.  Some 
transitions  between  alternatives  may  be  prohibited. 

The  objective  function  is  the  minimization  of  the  expected  present  value  of 
the  sum  of  acquisition,  operating,  and  penalty  costs.  The  acquisition  costs  are 
a  function  of  time,  the  existing  configuration,  and  the  configuration  to  which  the 
system  is  to  change.  (This  transition  Is  determined  by  the  decision  variable.) 
The  operating  costs  are  a  function  of  time,  the  system  configuration,  and  the 
patient  demand.  The  penalty  cost  Is  a  function  of  time,  the  configuration,  and 
the  patient  demand. 

Penalty  costs  are  incurred  when  a  configuration  does  not  possess  enough 
total  capacity  or  the  correct  type  of  capacity  (the  mix  of  intensive  care,  medium 
care,  light  care,  and  outpatient  capacities)  to  meet  the  existing  demand. 

It  is  assumed  that  all  future  costs  are  specified  by  escalating  current 
costs  at  given  annual  rates.  Let  ca(t),  c0(t)  and  ep(t)  be  the  escalation  rates 
for  acquisition,  operating  and  penalty  costs  during  subinterval  t.  Letting  E 
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denote  expected  value  over  all  possible  demand  levels,  the  objective  function  Is 


given  be 


rt1 

Objective  (t)  =  Minimize  E  £ 

jCV  (t,  c(t))  k  =  t 


k  1  +  ea  («.) 

[  Acquisition  cost  (k,  c(k-l),  c(k))  f f  - 

JL  =  o  1  +  g  (£) 
k  1  +  eQ  (£) 

+  Operating  Cost  (k,  c(k),  p(k))  JT  - 

4  =  o  1  +  g  (C) 


k  1  +  er  ((.) 

+  Penalty  Cost  (k,  e(k),  p(k))  Jf  - 

4-o  1  +  g  (01 

-  S  (N,  C  (N),  p  (N))j  (.3) 

t  =o,  1,  2,  N-l 


where 

t  —  planning  times 

g(t)  —  cost  of  money  during  interval  t 
c(t)  —  configuration  of  facility  at  time  t 
p(t)  —  size  and  type  of  patient  load  at  time  t 
N  —  number  of  planning  subintervais 

s(n,  c,  p)  specifies  the  terminal  value  of  the  configurations  and  is  included  to  account 
for  the  relative  merit  of  ending  the  planning  period  In  one  configuration  as  opposed 
to  others. 


METHOD  OF  SOLUTION 

to  order  to  determine  the  strategy  which  minimizes  the  expected  costs 
over  the  life  cycle  or  over  some  other  fixed  period,  patient  demand  projections 
over  this  same  period  of  time  must  be  available.  These  projections  cannot  be 
exact  and  therefore  "fuzzy"  projections  are  used  with  the  "fuzziness"  being 
determined  by  the  likelihood  of  one  demand  level  present  as  opposed  to  others. 
The  total  demand  projection  is  given  by  Equation  (2)  where  the  user  must  specify 
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r(t),  which  determines  the  spread  in  the  demand  projections. 

The  construction  cost  for  building  each  alternative  completely  and  for 
altering  or  expanding  from  another  alternative  (if  that  transition  is  allowed) 
must  be  specified.  The  operating  cost  for  each  facility  is  divided  into  fixed 
and  patient-load  dependent  costs.  The  patient  dependent  cost  varies  with  the 
typo  of  patient  and  the  type  of  care  unit  available.  For  example,  the  cost  of 
caring  for  an  intensive  care  patient  is  less  in  an  intensive  care  area  than  in  a 
medium  care  area.  (Depending  upon  future  demand,  this  approach  may  be 
less  expensive  over  the  1  ong  term  than  upgrading  some  medium  care  units  to 
intensive  care  units. ) 

In  addition  to  construction  and  operating  costs,  a  penalty  cost  is  included 
to  assign  a  dollar  cost  to  the  inability  of  a  facility  to  service  all  the  patients 
requesting  service.  This  cost  may  reflect  the  measurable  cost  for  service  in 
another  system  and  the  expense  involved  in  transporting  the  patient  elsewhere, 
and  subjective  costs  such  as  the  inconvenience  or  degradation  in  the  quality  of 
care. 

Dynamic  programming  determines  the  optimum  time  sequence  for  constructing 
or  altering  the  health  care  system.  At  each  decision  point,  the  optimum 
strategy  is  determined  for  all  possible  demands  and  permissible  configurations 
of  the  system.  The  objective  function  is  the  minimization  of  the  expected  sum 
of  construction,  operating  and  penalty  costs  discussed  above. 

The  dynamic  programming  algorithm  is  not  discussed  here.  The  reader  is 
referred  to  Heference  1.  However,  several  features  of  the  problem  formulation 
and  solution  arc  discussed. 

Dynamic  programming  imposes  few  restrictions  on  the  type  of  objective 
function  that  may  be  used.  AU  costs  may  be  defined  in  tabular  form,  delays 
may  be  incorporated  to  account  for  design  and  construction  time,  and  budget 
delays  are  easily  included.  Because  the  optimum  strategies  arc  determined 
as  a  function  of  the  state  variables,  a  planner  can  choose  a  nonoptimum  policy 
and  at  a  1  iter  time  determine  the  optimum  policy  given  his  previous  nonoptimum 
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decision.  The  planner  is  always  using  the  most  recent  data  available  for  the 
demand  and  system  configuration.  Also,  by  minimizing  the  expected  value  of 
the  total  costs,  solutions  are  obtained  which  are  acceptable  for  all  possible 
demands  (the  acceptability  depends  upon  the  probability  of  a  demand  level  occurring). 

A  planner  is  usually  interested  not  only  in  the  optimum  strategy  but  also 
in  comparisons  between  the  optimum  and  nonoptimum  strategies.  For  reasons 
which  cannot  be  easily  quantified  and  thus  not  included  in  the  objective  function, 
the  planner  may  prefer  a  suboptimuin  policy  if  the  incremental  cost  over  the 
optimum  is  small.  In  addition,  it  is  of  interest  to  investigate  the  sensitivity  of 
strategics,  both  optimum  and  nonoptimum,  to  change  in  demand,  costs,  delays 
in  construction  and,  in  general,  any  of  the  input  data  to  the  optimization  program. 
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